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This report  describes work which i s  being performed by the  General Elec t r ic  
Company under Contract NAS 3-6467 from the National Aeronautics and Space Admini- 
s t r a t ion .  The objective,  as outlined i n  the contract ,  i s  t o  develop and design 
ground prototype AC Circui t  Breakers and DC Engine Contactors, su i t ab le  for ,  and 
tested under, expected launch and space requirements. 
1000 vol t s ,  600 amperes, 2000 cps, while the DC Contactors w i l l  have a r a t ing  of 
10,000 vo l t s ,  10 amperes, 

The Breakers w i l l  be rated 

Management of the program f o r  General E lec t r i c  Company has been assigned t o  
A. H .  Powell, Manager-Electrical Systems, Space Power and Propulsion Section with 
R. N. Edwards, Consulting Engineer, providing technical  guidance and advice where 
desirable., Project  Engineer fo r  the  program is E. F. Travis of the  Advanced 
Technolo@;y Laboratory. Contributors t o  t h i s  report ,  i n  addi t ion t o  Messers Powell, 
Edwards, and Travis, include D. S. Engleby, G. G a t i ,  and W. W. Shoemaker of SPPS, 
and J. L. Goldberg, G. W. Kessler, and Mrs. N. Fitzroy of ATL. 

I 

M r .  E. A. Koutnik of the  National Aeronautics and Space Administration i s  the  
Technical Manager f o r  t h i s  contract .  
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I .  INTRODUCTION 

This program is a continuation of the Electrical Switchgear develop- 

ment and investigation work which was completed under Contract NAS 3-2546 

(final report NASA-CR-54247) with the successful interruption using a 

demountable vacuum unit, of over 20 amperes DC at 10,000 volts, and over 

1800 amperes at 1200 volts, 2000 cycles per second. 

The goals for this program were established so as to provide devices 

that would be suitable for planned Nuclear Space Power Systems of 1 to 4 

megawatts capacity. The AC Breakers are being designed to have a rating 

of 600 amperes continuous current, and voltage of 1000 rms at 2000 cycles 

per second. The other device under development is of similar configuration 

except it will be rated to function as a contactor for an ion engine I 

be able to carry 10 amperes at 10,000 volts E. 

nd 

Development effort will result in ground prototype Breakers and 

Contactors which will be designed to meet launch environment mechanical 

tests (vibration, shock, acceleration, and acoustical noise) as well as 

space conditions of pressure, temperature, and radiation. Furthermore, 

the devices are to successfully interrupt the expected overload and short 

circuit conditions that will be encountered in the space power system. 



While Program Management i s  centered i n  t h e  Space Power and Propuls ion 

Sec t ion  of t he  General Electric Company i n  Evendale, major development work 

is being c a r r i e d  on by t h e  Advanced Technology Laboratory i n  Schenectady 

wi th  important  t echn ica l  and test  a s s i s t ance  from o t h e r  Labora tor ies  and 

Departments, e s p e c i a l l y  Power Tubes and Switchgear. 

- 2- 



The second quar te r ly  period of this program resul ted i n  firming of the  design 

f o r  the ac tua tor  mechanism, the select ing of i n t e r rup te r  enclosure materials, and 

determining bas ic  concepts for the in te r rupter  u n i t o  Overall. program s t a t u s  was re- 

viewed a t  two points  during the quart.er i n  meetingswith NASA representatives,  Messers 

Cummings and Koutaik on April  6, and Messers Shmaker and Koutnik on May 280 Both 

meetings were held a t  the Advanced Technology Laboratories. 

A summary of spec i f ic  act ion and results are given below, based on the  

de ta i led  information in the body of this report .  

i n  accordance with the  design concepts a t  the close of this repor% period, is included 

as Figure 1 e 

A sketch of the overa l l  breaker 

Vacuum In ter rupter  

0 A comprehensive s e r i e s  of gas evolution tests conducted on four  candidate 

metals fo r  the enclosure resul ted in the se lec t ion  of Rodar, a Ni-Fe-Co al loy,  as 

the best and easiest t o  fabr ica te .  

0 A 005 l i t e r  pe r  second ion pump will probably be reqdired t o  maintain adequate 

pressure,  but  such a device must be cooled t o  approximately 2OO0C t o  maintain hydrogen 

pumping speed, 

no f a i l u r e s .  

I n i t i a l  check of the  proposed pump under vibrat ion conditions showed 

-3- 



0 Further t heo re t i ca l  review of the molybdenum contact design provided back- 

ground da ta  which indicates  t h a t  the points of contact w i l l  approach melting temp- 

eratures ,  espec ia l ly  during the br ie f  period while closed before opening under short  

c i r c u i t  conditions. 

0 Check tests on the contacts in the  Phase I t e s t  capsule showed a resis tance 

of 0.0003 ohms a t  room temperature increasing t o  0.001 ohms a t  75OoC, the  estimated 

contact temperature when carrying 600 amperes. 

r e t i c a l  review. 

The data  serves t o  confirm the theo- 

Detailed study of heat t r ans fe r  problems due t o  the high contact temperature 

l ed  t o  a design concept t o  provide: 

1. High heat removal by rad ia t ion  from the  1000 vol t s ,  

600 ampere AC c i r c u i t  breaker, with insu la t ion  f o r  

5000 vo l t  surges. 

2. IDW heat removal from the  DC engine contactor, with 

insu la t ion  f o r  15,000 v o l t s  high po ten t i a l  test. 

The basic vacuum in t e r rup te r  u n i t  o r  capsule w i l l  be designed t o  be 

adaptable t o  both the  AC Breaker and DC Contactor. 

Detail drawings of a l l  the alumfna insu la t ion  have been made and consultation 

on the  design has been s t a r t ed  with vendors regarding fabr ica t ion  and possible cost  

reduction. 

-4- 



Me c hani sm 

The toggle ac tua tor  was redesigned t o  reverse the fixed poin t  of" a t tach-  

ment, thus reducing length and cost .  

0 Detail layout drawing of the final design (#5873474) has been completed 

and issued. Detail drawings of the parts have been started. 

0 An operating model of the actuator was b u i l t  f o r  the May 28 review 

meeting ,, 

0 Development work on the solenoid guide diaphrams i s  continuing, with 

severa l  series of v ibra t ion  tests using simulated mechanisms point ing the way 

t o  necessary modifications. 

Test Plans, F a c i l i t i e s ,  Schedules 

0 Circui t  parameters for the interrupt ion tests were checked and tes t  

procedure plans s t a r t ed ,  based on making such tes ts  i n  a 1000°F oven f i l l ed  

with argon, a t  atmospheric pressure. 

F a c i l i t i e s  f o r  mechanical t e s t s  are being reviewed, p r i o r  t o  developing 

tes t  procedures. 

-5- 



I- 

o Heat run and endurance t e s t s  w i l l  be made i n  a spec ia l  oven which w i l l  

mount i n  the  vacuum test  chamber at SPPS. 

ordered, and fabr ica t ion  s t a r t ed .  

The oven design was completed, p a r t s  

0 The PERT diagram was revised t o  ind ica te  more thorough component t e s t i n g  

and show more d e t a i l  i n  the fabricat ion and t e s t i n g  program. 

phases of the  t e s t i n g  program w i l l  r e s u l t  i n  completion of the f i n a l  t e s t s  within 

the o r ig ina l ly  scheduled month, even though solving of design problems has ex- 

tended the release of the par t s  t o  fabr ica t ion .  

Overlap of various 

During the  next quarter ly  period, a l l  d e t a i l s  f o r  both Breaker and Contactor 

w i l l  be completed and materials ordered. 

w i l l  be done, and plans f o r  t e s t ing  prepared, 

Additional preliminary component t e s t i n g  

I- 

r 
I- 



I11 VACUUM INTERRUPTER 

The hear t  of the  Circui t  Breaker and the  Contactor i s  the  vacuum 

in t e r rup te r  o r  switch, 

phere o r  space, mounted i n  a s t ructure  f o r  operation by a mechanism, with 

attachments t o  conduct the current t o  and from the  un i t  and t o  d i s s ipa t e  generated 

heat t o  a bulkhead o r  heat sink. 

This unit  i s  t o  be completely sealed from the  atmos- 

This sect ion of the report  w i l l  describe the  work t h a t  has been done 

i n  determining the  in t e r rup te r  enclosure material ,  i n  developing the contacts,  

and i n  designing the  ove ra l l  uni t .  

A. Enclosure Material 

The vacuum in t e r rup te r  enclosure i s  made up of a ceramic insu la t ing  tube, 

a meta l l ic  end f o r  the f ixed contact, and meta l l ic  bellows supporting the moving 

contact.  

t o  tha t  which was used f o r  the Phase I tes t  capsules. 

pieces  and bellows, however, has required spec ia l  a t t en t ion  because the  large 

surfaces  could cause gas evolution problems and lo s s  of t h e  high vacuum during 

high temperature operation e 

The insu la t ing  tubes w i l l  be made of a high temperature Alumina similar 

The metal fo r  the end 

The first quar te r ly  report  gave the  background information which led t o  the 

se lec t ion  of fou r  possible  candidate mater ia ls  t h a t  would be most su i t ab le  fo r  

t h e  enclosure. 

(1) the  candidate a l loys  should not contain high vapor pressure const i tuents  such 

as chromium, manganese, e tc . ,  ( 2 )  the  a l loys  should be l imi t ed  t o  those having a 

The se lec t ion  was based on a number of primary requirements, i.e., 

-7 - 



h i s to ry  of vacuum processing f o r  minimum i n i t i a l  gas content, ( 3 )  the a l loys  

should be readi ly  formed and joined, ( 4 )  the a l loys  should r e t a i n  reasonable 

s t rength  and oxidation resistance a t  t h e  proposed 500°C o r  higher operating 

temperature, and ( 5 )  they should be r ead i ly  avai lable  a t  reasonable cost .  

mater ia ls  t en t a t ive ly  selected most near ly  m e t  these requirements. 

Four 

These were: 

1) H i g h  pur i ty  Molybdenum per  AMs 7801. 

2 ) Thoria-dispersed Nickel per  General E lec t r i c  Specif icat ion B50T97. 

3 )  Hfgh pur i ty  E t a n i u m  per  General E lec t r i c  spec i f ica t ion  B50n.  

4 ) A Nickel-Cobalt-Iron a l loy  pe r  General E lec t r i c  Specif icat ion 

~ 7 ~ 3 6  (called Rodar). 

These materials, some of which were vacuum melted, are frequent ly  processed i n  

atmospheres which could result i n  some degree of gas contamination. Therefore, 

t he  p rogrm described below was designed t o  def ine the  treatment which, when 

applied t o  the  appropriate material, would produce the  minimum gas content 

compatible'with ant ic ipated service requirements. 

1. Outgassing Procedure 

The specimens of t h e  candidate materials were outgassed i n  an ul t rahigh 

vacuum system, shown i n  Figure 2 , which was capable of holding a vacuum of 

Torr a t  the  processing temperatures. The specimens (see Figure 3 ) of 

Titanium, TD Nickel, Molybdenum, and ~ 7 ~ 3 6 ,  here ina f t e r  ca l led  Rodar ( the W. B. 

Driver Company name applied t o  ~ 7 ~ 3 6  composition) were contained i n  buckets made 

from Columbium - 1$ Zirconium al loy partfoned t o  i s o l a t e  each material from the  

other ,  and suspended i n  t h e  heating zone. 

"ge t te r"  some of the  gases evolving from the  material being processed. 

The columbium a l loy  was expected to  

Heat t o  

the specimens wa~ supplied with a r e s i s t i v e l y  heated tantalum hea ter  shielded t o  
-a- 



reduce the  heat loss t o  the vacuum chamber. 

were in s t a l l ed  i n  the  chamber t o  permit, simultaneously, two processing times 

of approximately s i x  and forty-eight hours, respectively,  a t  the two processing 

temperatures. 

was opened only a f t e r  completion of all t e s t ing .  

shown i n  Figure 3 , and a photograph of the  assembled heater  chambers is shown 

i n  Figure 4 mounted i n  the  chamber of the vacuum system. 

Four hea ter  and specimen setups 

I n  t h i s  manner only one t e s t  setup was involved and the  chamber 

A sketch of the  assembly i s  

Four individual  tests were conducted within the  same vacuum chamber a t  

between 2 x and 5 x lom8 Torr  as follows: 

Specimens of Titanium, TD Nickel, and Rodar were loaded i n t o  a 

compartmentalized @la-lq&Zr bucket and heated i n  assembly No, 1 

f o r  s i x  hours a t  1545% + - 5". 

Specimens of Titanium, TI) Nickel, and Rodar were loaded i n t o  a 

second bucket and heated i n  heater  assembly No. 2 f o r  for ty-eight  

hours a t  1545OF 5'. 

Specimens of Molybdenum were loaded i n t o  a t h i r d  bucket and heated 

i n  hea te r  assembly No. 3 f o r  s i x  hours a t  1600 '~  + - 5'. 

Specimens of Molybdenum were loaded i n t o  a f o r t h  bucket and heated 

i n  heater  assembly No. 4 f o r  for ty-eight  hours a t  1 6 0 0 ~ ~  - + 5'. 

A vacuum of 5 x 

were heated t o  t h e i r  respective temperatures. 

Torr was maintained as the  four  hea ter  and specimen assemblies 

Test t i m e  was s t a r t ed  when the 
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vacuum reached 5 x loe7 Torr and every test  furnace was a t  temperature. 

vacuum continually improved during the f i r s t  th ree  hours t o  2 x 

The 

Torr. A 

vacuum of 8 x 

t i m e  the two six-hour t e s t s  were terminated. 

t e s t  were then continued t o  48 hours with a terminal vacuum of 5 x 10 

obtained e 

Torr was obtained by the  end of the first s i x  hours a t  which 

The two remaining groups under 

Torr -8 

A t  the  conclusion of the outgassing, the  samples were allowed t o  cool t o  

room temperature while s t i l l  in the  high vacuum. 

capsules f o r  del ivery t o  Owensboro f o r  t e s t ing .  

They were then placed i n  clean 

2. Material Test, Evaluation and Selection 

Sample pieces of the  four candidate mater ia ls  i n  the  Itas received" condition 

and a f t e r  the 6 and 48 hours outgassing treatments, were t e s t ed  a t  the  General 

E lec t r i c  Company Tube Department Technology F a c i l i t i e s  a t  Owensboro, Kentucky. A 

spec ia l  mass spectrometer gas measuring apparatus was used t o  determine the  out- 

gassing cha rac t e r i s t i c s  of the  samples. 

of fou r  materials, i n  the  three conditions of t reatment)  were tested. 

severa l  addi t ional  t e s t s  were made using 3 pieces of t he  th innes t  Rodar f o r  a s ing le  

t e s t ,  t o  provide addi t ional  data. Throughout the s e r i e s  of tests, data was obtained 

a t  se lec ted  times on the "background", or gas evolved from the system only, f o r  

use i n  correct ing the r e s u l t s  with the ac tua l  samples. 

A t o t a l  of 36 samples ( three  thicknesses, 

Furthermore, 

!The mass spectrometer i n l e t  system used f o r  the gas co l lec t ing  tests is shown 

i n  diagram form i n  Figure 5 

below : 

The procedures f o r  a t yp ica l  test i s  described 
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The p a r t  t o  be analyzed is handled with tweezers and placed i n  the bottom 

of the  quartz tube.  

j o i n t s  and a stopcock. 

The tube is then connected t o  the system with the ground g la s s  

The j o i n t  a t  the top of the quartz tube i s  heated t o  remove 

bubbles formed i n  the apiezon grease used on the seal, 

The closed system is  then evacuated f o r  15-20 minutes using the main d i f fus ion  

pump, and with the mass spectrometer with i t s  pumping means a l so  turned on. A 

check is made f o r  a i r  leaks,  and i f  none a r e  found the test  proceeds. 

Valves 1 and 2 a re  closed t o  i so l a t e  the  spectrometer and gas co l lec t ing  system 

from the main pump. 

se l ec t ive ly  appl ies  voltage t o  the proper co l lec t ing  p l a t e  in the mass spectmmeter ) 

a re  turned on at  the same t i m e  and gas co l lec t ion  i s  begun. 

The furnace heating current  and the Peak se l ec to r  (which 

Gas flow and composition is measured from that which flows through the s m a l l  

holes i n  the gold "leak" diaphram. 

f o r  a constant s e n s i t i v i t y  and a measure of the partial pressure, with per iodic  

Thus, the  system with the cycloid tube provides 

check of each of the  gas "weights" being considered. The automatic select ion 

process provides a s e r i e s  of da ta  points every 10 seconds f o r  5 d i f f e ren t  gasses 

(%-€$O-COgeN -C /C -C02) and the oven temperature, giving one point  f o r  each i t e m  

every minute. 

of 900°C (lOOO°C f o r  2 of the three piece t e s t s )  in about 18 minutes, after which 

2 2 5  

The test  i s  continued with the  oven (sample) reaching a temperature 

the sample is held a t  the top temperature with data being taken f o r  a t o t a l  of 20 

minutes e 
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'Ibis system provides a continuous col lect ion,  with each Peak scan showing 

t h e  t o t a l  gas evolved up t o  the  pa r t i cu la r  scan, ie,  t he re  is no pumpout of t k E  

system. After the analysis,  the quartz tube sealed off  with stopcock and s t i l l  

evacuated, i s  removed from the furnace and allowed t o  cool. 

A t  c e r t a in  t i m e s ,  preferably a t  the  s ta r t  and end of a series of tests, a 

The same procedure is followed as noted above, check is  made of "background". 

except tha t  no sample i s  put  i n  the quartz tube. 

The data which has resulted from the gas co l lec t ion  tests has been corrected 

t o  remove the "background" gas, and the  results are shown i n  Tables 1 through 36 

i n  accordance with the following index: 

Rodar - .010" 
,020" 

,060" 
TD Nickel - .010" 

.020" 

.060" 
Titanium - .010" 

.020" 
0 060" 

Molybdenum - .OlO" 
e 020" 

.060 

INDEX OF TABU NUMBER FOR GAS DATA 

Samples - As Received 6 Hours Outgassed 

1 
2 

3 
10 

11 

12 

19 
20 

21 

28 

29 
30 

4 
5 
6 
13 
14 
15 
22 

23 
24 

31 
32 

33 

48 Hours Outgassed 

7 
8 
9 
16 

17 
18 
25 
26 

27 
34 
35 
36 
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The majority of the  gas evolved i n  the heat treated (outgassed) materials, 

and which i s  of major concern as fa r  as maintaining the vacuum i n  the i n t e r r u p t e r  

un i t ,  i s  Hydrogen. Therefore, the data on the Hydrogen gas evolved during the  

tests, and given i n  Tables 1 through 36, has been plotted i n  curve form i n  

Figures 6 through 17 . Note tha t  t o t a l  gas and temperature of the  samples 

are p lo t ted  against  t i m e  from s t a r t  of t es t .  

i n  the curvesin accordance with the following index: 

The various materials are shown 

MATERIAL 

Rodar - As Received 

Rodar - 6 Hours Outgassed 

Rodar - 48 Hours OuLgassed 

TD Nickel - As Received 

TD Nickel - 6 Hours Outgassed 

TD Nickel - 48 Hours Outgassed 

FIGURE: NUMIER 

6 

10 

11 

Titanium - As Received 

Titanium - 6 Hours Outgassed 

Titanium - 48 Hours Outgassed 

Molybdenum - As Received 

Molybdenum - 6 Hours Outgassed 

Molybdenum - 48 Hours Outgassed 

12 

13 

14 

15 

16 

17 

A review of the  above referenced curves ind ica te  t h a t  Rodar and Molybdenum 

were the  only materials which had low gas evolution a f t e r  vacuum f i r i n g  (heat 

treatment - outgassing).  Titanium which was considered a good candidate with the 

throught t h a t  it might ac tua l ly  perform as a "getter" f o r  the  hydrogen, had t o  be 

discarded. While Titanium d i d  g e t t e r  or  absorb hydrogen a t  high temperature, it 

evolved the  trapped gas r i g h t  a t  the design temperature operating range of 450 C 

t o  600 '~ .  

0 

TD Nickel contained too much gas, even after the  optimum vacuum f i r i n g  

Drocessing. -13.- 



From a fabr ica t ion  point  of view, it would be preferable  t o  use Rodar 

r a the r  than Molybdenum f o r  the  switch enclosure. Considerable forming and joining 

w i l l  be involved and Rodar i s  r e l a t ive ly  easy Lo use f o r  t h i s  work. Therefore, a 

d e t a i l  analysis  was made of t he  gas evolution da ta  t o  determine i f  it was within 

to l e rab le  limits, p a r t i c u l a r l y  i f  a small ion pump of 0.5 l i t e r  pe r  second was 

used on the  switch. 

The da ta  from the  Rodar tests on .010" and .,020" th i ck  material, after hea t  

treatment, was taken from Tables 1, 7, and 8 and used t o  prepare Tables 37, 38, 

and 39. 

pieces  of Rodar a t  one time, were used t o  prepare the Tables 40, 41, and 42. 

ove ra l l  index f o r  the  6 hydrogen gas da ta  summary and reduction t ab le s  i s  shown 

below : 

Data from three  addi t ional  gas co l lec t ion  tests performed using 2 sample 

A n  

RODAFt - THICKNESS AND 'IW3AIMEMT TABLE: NUMBER 

1 Piece - .010" - 6 hours outgassed 37 

1 Piece - .010" - 48 hours outgassed 38 

1 Piece - ,020" - 48 hours outgassed 39 

3 Pieces - .010" - 6 hours outgassed 40 

3 Pieces - ,020" - 6 hours outgassed 4 1  

3 Pieees - .020" - 48 hours outgassed 42 

A review of Tables 37 through 42 will show the  method used t o  reduce the  

da t a  t o  a form t h a t  can provide an ind ica t ion  of the probable t o t a l  outgassing i n  

the  switch. 

and i s  the  t o t a l  gas evolved per  minute  from the  gas co l l ec t ing  test .  

Column 4 of the  tab les  was obtained from the  basic  corrected data, 

Column 1 
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0 shows the  temperature spread f o r  the same period, with conversion t o  

Column 2 l is ts  the  average temperature over the 1 minute period. 

column i s  obtained from 2, and the values are i n  a form t o  simplify the  r e su l t i ng  

graph. 

K,while 

The t h i r d  

Column 5 i s  obtained from 4 by dividing by 60 and the t o t a l  surface a rea  

of t h e  samples. 

( o r  thickness of 0.254 mm and 0.508 mm). 

nesses being considered is as follows: 

The samples are  1 em by 4 cm with thickness of 0.010" and 0.020" 

Thus, t o t a l  area f o r  the  three thick-  

THICKNESS 

. 010 I' 

.020" 

The da ta  from Tables 37 through 42 a re  p lo t ted  on a new eume sheet,  

Figure 18 , which shows the hydrogen gas evolved from the  various samples on a 

square centimeter basis, versus the temperature (using the expression /Taverage ) *  1 

The gas measuring system was not able t o  give accurate measurements of gas 

volume evolved a t  the normal operating temperatuEs. 

data  obtainable, and the  known f a c t s  about the evolution of gas as re la ted  t o  t i m e  

and pressure,  it was concluded that an extrapolation t o  lower temperatures from the  

higher temperature data  could be made t o  obtain an estimate of the  gas t h a t  would 

evolve. 

expected a t  the switch operating temperatures. 

majority of the switch metal surfaces has been selected as 60oOc (1112'F) o r  8 7 3 O K .  

However, a f t e r  studying the  

Thus the  envelope curve of Figure 18 indica tes  the  range t h a t  can be 

The expected temperature f o r  the 
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1 3 "he /Tav x 10 value i s  1.15* 'Ibis shows from the curve a possible  range of 

gas evolution from the  Rodar of 4 x loe7 t o  3.5 x 10 -6 micron l i ters /second.  

The surfacesin the switch exposed t o  the sealed sec t ion  includes the 

end pieces ,  the  shield (which may be made of Molybdenum) and the  mul t ip l e  surfaced 

bellows. 

t o t a l  surface that  w i l l  be evolving gas w i l l  be approximately 400 square centimeters. 

Further reference t o  f i g u r e  18 

t o t a l  switch (400 cm ) and the capacity of a 0.5 l i t e r  per second pump. 

Based on present  switch designs and dimensions, it is estimated the 

W i l l  i nd ica te  the range of gas evolved from the 

2 

"he conclusion from th is  data i s  tha t  if well outgassed Rodar i s  used 

f o r  the vacuum sealed switch, a 0.5 l i t e r  per  second pump w i l l  probably handle the  
-6 gas evolved and maintain the  pressure near 10 

pump i s  unable t o  hold the 10 

a pressure below lom5 Torr which is st i l l  considered adequate f o r  the in te r rupt ing  

requirements of the vacuum in te r rupter .  

Rodar f o r  the  switch metal enclosure Parts ,  and design work is proceeding on t h i s  

basis 

Torr. On the o the r  hand, if the 
-6 pressure, the capaci ty  w i l l  be s u f f i c i e n t  t o  hold 

Therefore, it has been decided t o  use 
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Bo Contact Material 

The Phase I Program inves t iga t ion  determined t h a t  contac ts  i n  the 

i n t e r r u p t e r  u n i t  should be made of Molybdenum. 

t e s t  results fu r the r  ind ica ted  the s i z e  and shape Of t h e  contac ts .  

S a t i s f a c t o r y  in t e r rup t ion  

With the mater ia l  and dimensions es tab l i shed ,  work during t h i s  

second quar te r  of the program has been d i rec ted  toward completion of the 

t h e o r e t i c a l  study of the contact behavior and Parameters, under the  ~ O O O ~ F  

environment temperature and i n  V i e w  of t he  conthuoUS and momentary currents  which 

the contacts must handle. 

phase I contacts t o  supplement the theo re t i ca l  r e s u l t s ,  and design of the contacts  

including processing techniques was a l s o  s t a r t e d .  

Additional t e s t  data i s  a l s o  being obtained on the  

1. Theoretical  Considerations 

( 1 ) F i r s t  Quarter ly  Report (NASA CR- 54247 ) e 
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m e  contact res is tance propert ies  were defined i n  terms of an average 

cons t r ic t ion  temperature (which i n  turn  defines the  r e s i s t i v i t y  and mechanical 

proper t ies )  assuming negl igible  temperature r i s e  over the base electrode near 

the  constr ic t ion.  

i n  which the heating i s  r e l a t ive ly  unimportant. It is ,  a t  best ,  a first estimate 

under high current test conditions. 

the  calculat ion of the supertemperature of the  cons t r ic t ion  boundary ( i t s  

elevat ion over the base temperature of the electrode ) : - 

This assumption i s  reasonably va l id  f o r  low current operation 

(2) Holm gives the following expression f o r  

A T  = v2 OK 

8 P  

Unfortunately, 

U 

P 
k 

the  contact po ten t ia l  drop 

v o l t s  contact drop 

r e s i s t i v i t y  ohm cm 

conductivity watt / cm OK 

- U i s  a function of the super- 

temperature, through i t s  e f f e c t  on p , and far more c r i t i c a l l y  through 

its e f f e c t  on the contact diameter 2a as a r e s u l t  of the sof tening of the 

contact mater ia l ,  a t  the constriction, under high current  flow* It w i l l  be 

- 

recal led t h a t  the  rad ius  of the  contact 

P 

H 

n 

where n=l  f o r  a l l  p rac t i ca l  purposes i n  

point  - a was defined by:- 

contact load KG 
2 "Hardness" yield stress KG/cm 

number of equal contact points  

the  molybdenum contact system. The 

hardness of the molybdenum contacts f a l l s  sharply as temperature r i s e s  t o  500'K 

and then much more slowly u n t i l  the softening point i s  approached a t  about 

1300'K. 

contact voltage drop of:- 

The contact res is tance was then  shown t o  be R = p /2a, leading t o  a 

( 2 )  R. Holm, "Electr ic  Contacts". Book, Hugo Gebers Forlag, Stockholm, 1946. 
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- 
U = (3 vo l t s  where p i s  average r e s i s t i v i t y  i n  the c s n s t r i c t i o n .  

2 

We can now solve f o r  the supertemperature i n  terms of the mean values of 

r e s i s t i v i t y  and thermal conductivity and k, which, i n  t u r n  may be shown 

t o  be equal t o  t h e i r  value a t  a temperature 2 /3  of the way up from the  base 

temperature toward the supertemperature (To  + 2 /3  Q T )  

of e s sen t i a l ly  s ing le  point  contact, n = 1:- 

- 

For the probable case 

c 

I2 I current  thru contact amperes 
k mean thermal conductivity 

T H  - p 
32 P k 

- A T  = - 

I n  the use of t h i s  expression, the value of H is rather hard t o  define. It is  

necessary t o  consider the  effect  of varying hardness (with temperature through 

the cons t r ic t ion)  on the interpenetrat ion of the a s p e r i t i e s  which cons t i t u t e  

the contact region. 

dis tance of l e s s  than the radius of the  "spot" from the contact plane, the 

assumption has been made tha t  hardness -- a t  the supertemperature maximum may be 

used t o  define the contact radius. 

(low) contact res is tance with Em implied increase welding probabi l i ty .  

we take the Wiedeman-Franz law, p k = 

be modified t o  eliminate the  large var ia t ions  i n  p over the temperature range, 

and lead t o  the approximation, assuming A = (2.6)10m8 and k = 1.05 w/cm OK, 

us ing  A and k as constants i n  the 1,000 t o  1,500 OK range:- 

Since half  of the  t o t a l  temperature r i s e  occurs within a 

This w i l l  lead t o  a s l i g h t l y  opt imist ic  

If 

A T, i n t o  account, the expression may 

2 (T, + 2 / 3  A T) I (Te electrode temperature OK) A 'ii' 
32 P k2 

- A T  = 

This equation may best be applied i n  8 s e r i e s  of i t e r a t i v e  steps, first ca l -  

cu la t ing  - A T  us ing  the value of Heff f o r  an assumed value of T + A  T and then 

correct ing t h i s  value, as needed, t o  br ing about a balance. I n  general, as long 
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a s  the supertemperature is not enough t o  dr ive the cons t r ic t ion  barrier 

temperature above the softening point, the value of A T  w i l l  be a function 

of - I . 
reduction i n  contact res is tance,  as the  a spe r i t i e s  s e t t l e  i n t o  contact,  w i l l  

lead t o  much lower values of A T ,  not very f a r  above the softening point .  

course, if I2 continues t o  increase, contact melting, and catastrophic des- 

t ruc t ion  of the electrodes may resu l t .  

of the parameter, K = T  Heff A I2 / 32 P k and Tep the  electrode base 

temperature, we obtain:-  

- 
2 If the contact temperature does exceed t h i s  l i m i t ,  however, the sharp 

Of - 

Solving the  equation f o r  A T  i n  terms 

2 

K 
1 + 2/3 K Te A T  = 

4 2 I n  the  region below the  softening temperature, H = (1.3)lO KG/cm i s  a 

reasonable approximation, and, f o r  50 # = 22.5 KG, the  expression f o r  5 

reduces to:-  K = (2.6)io -6 This simplif icat ion i s  r e a l i s t i c ,  as  

long as K i s  f rac t iona l .  A t  large values of t h i s  parameter, the  var ia t ion  

i n  H and A/k must be considered, a s  seen i n  Figure 19 If we consider 

t h a t  the  cons t r ic t ion  temperature is, indeed, the proper l e v e l  on which t o  

base the  indentation hardness, the value of - K may be scaled from the parameter 

H A / k2 plo t ted  i n  Ffgure 1 9 .  

o r  about 19% of i t s  low temperature value. 

2 

Thus, a t  1500°K, it w i l l  be about (4.9)10m7 

The temperature of the  boundary plane i n  the cons t r ic t ion  i s  given i n  

Figure 20 as  a function of the current  carr ied by the  contacts and the base 

temperature est,ablished at. the  electrodes.  It w i l l  be seen t h a t  the super- 

temperature ( increase over the base temperature ) follows the  quadratic 1 aw 

i n  the  lower temperature region. A s  the cons t r ic t ion  temperature reaches the  
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softening region, the slope of the temperature vs. current curve decreases 

sharply.  

e r a tu re  t o  provide the approximation of the curve shown i n  t h i s  region. It 

may be seen t h a t  the electrode base temperature would have t o  be maintained 

a t  very near ly  the 1000°F ( 8 1 1 O K )  ambient f o r  the passage of 600 A not t o  

y ie ld  an excursion i n t o  the  softening region. 

t h a t  the  Switchgear w i l l  always pun i n t o  the  softening region under overload 

The supertemperature was calculated f o r  a 1500°K cons t r ic t ion  temp- 

It is very probable, therefore,  

~ 

conditions, and generally under normal current .  The po ten t i a l  wedling hazard 

must  be considered, but t he  lowered contact res is tance associated with the  

softened contacts w i l l  subs tan t ia l ly  reduce the  heat  load on the  nominal hard 

m e t a l  of the r ad ia to r  system. !The contact res is tance w i l l  be somewhat less than 

t h a t  shown i n  Figure 8 

defined i n  Figure 20 is used t o  estimate the resis tance.  

temperature is llOO°K and the  current i s  1000 A a supertemperature of 400°K 

w i l l  lead t o  a cons t r ic t ion  temperature of' 3500°K, with a contact res is tance 

s l i g h t l y  i n  excess of 0.3 milPiohms. 

of the first quar te r ly  report ,  i f  the  temperature 

Thus, i f  the  electrode 

1. Test, Evaluation, and Design 

The calculated resis tance of the  contact i n t e r f ace  of molybdenum contacts 

a t  room temperature was of the  order  of 0.3 milliohms. 

lower than the measurements made on the molybdenum contacts i n  the evacuated 

mater ia ls  t e s t  capsule. 

inves t iga te  the cause of the high contact res i s tance  reported i n  the first 

quar te r ly  report .  

This was considerably 

Therefore the mater ia ls  t e s t  capsule was opened t o  
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The surfaces of the contac ts  were rough and f r o s t y  white due t o  the a r c  

One area approximately 1/8" i n  t r a c k s  of the low power l e v e l  fnterruPtfOnS. 

diameter was extremely rough and showed evidence of molten material sp l a t t e r ed  

Over the area. 

of the moon. 

Under a microscope the surface resembled p ic tu re s  of the surface 

Three insulated a i d e s  were used t o  support the upper contact i n  alignment 

with the lower contact f o r  res i s tance  measurements. 

contac ts  was the same as it was during the in t e r rup t ion  tests with the rough 

spots i n  contact.  The res i s tance  values shown i n  Figure 21 were measured by 

the voltage drop method, with a current  of 10 amperes DC flowing i n  the elec- 

trodes and contacts.  

The or ien ta t ion  of the 

The contact force  was 26 pounds, 6 ounces. 

The res i s tance  measured across the contact i n t e r f a c e  (from 5 t o  6 ,  

Figure 21) was 0.3 milliohms a t  room temperature. 

measured on the P i t t s f i e l d  vacuum switches with molybdenum contacts, and t o  

ca lcu la t ions  made by R. N. Edwards and reported i n  the t h e o r e t i c a l  discussion i n  

t he  First Quarter ly  Report. 

This compares to the values 

A f u r t h e r  inves t iga t ion  of the effects of high temperature on the contact  

resistance is  planned t o  supplement the theo re t i ca l  information tha t  has been 

developed, p r i o r  t o  manufacture Of the first i n t e r r u p t e r  un i t .  The materials 

t e s t  capsule used i n  phase I w i l l  be reassembled i n  the oven and evacuated. 

contact  force of 50 l b s  w i l l  be provided by a spring. 

measure the  contact temperature and the voltage drop across the contact interface,  

A 

Means w i l l  be attached t o  
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This w i l l  provide data  t o  check the  theo re t i ca l  predictions,  and ind ica te  any 

fu r the r  problem areas.  

It was previously planned tha t  only zone refined molybdenum would be used 

f o r  the contacts. 

of outgassing and the lowest contact res is tance,  although such mater ia l  involves 

d e f i n i t e  problems i n  grain or ientat ion f o r  bes t  performance. 

decided t h a t  high pur i ty  a r c  cast  molybdenum should be sa t i s f ac to ry  f o r  the  

contacts,  provided the machined contacts a r e  properly vacuum processed. 

i s  based on the  results of the  t e s t  with the  molybdenum contacts i n  the  materials 

tes t  capsule, and on the experience and background information which D r .  T. H. 

Lee of the  General E lec t r i c  Laboratory Operation has contributed t o  the program. 

The contact mater ia l  w i l l  be vacuum processed a t  1800°c i n  a vacuum of the  order  

of 10 

the  danger of extreme c r y s t a l  growth w i l l  not take place with t h i s  processing. 

It was considered t h a t  the pure m e t a l  would give the  minimum 

It has since been 

This 

-6 Torr f o r  a period of one hour. It has been D r .  Lee's experience t h a t  

C, In te r rupter  Design 

The vacuum in t e r rup te r  has received major a t ten t ion  during t h i s  repor t  

period, i n  order t o  produce a sealed un i t  t h a t  w i l l  s a t i s f a c t o r i l y  meet a l l  

e l e c t r i c a l  and mechanical requirements. 

contact in te r face  has been a major problem. 

conditions have required special  a t t en t ion  i n  developing a su i t ab le  mechanical 

arrangement. 

Transfer of the heat generated a t  the 

Material se lec t ion  and environment 
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A t  the  end of t h e  period, the  i n t e r r u p t e r  u n i t  design was rap id ly  being 

firmed up, with a concept which w i l l  be described below and which looks t o  be 

feasible and su i t ab le  f o r  t h e  Program requirements. 

1. Heat Transfer 

Several conceptual designs f o r  the vacuum i n t e r r u p t e r  have been made s ince  

the  First Quar te r ly  Report, i n  an e f f o r t  t o  remove t h e  heat generated a t  t h e  

contacts. 

the  contacts  t o  the bus bar connections. 

established by the NASA Technical Manager and t h e  o r i g i n a l  NASA philosophy t h a t  

t h e  bus bars should ne i the r  remove nor add hea t  t o  t h e  switch i s  now the design 

parameter. The rad ia t ion  system of the first vacuum in t e r rup te r  design t o  meet 

the design philosophy i s  shown i n  Figure 22 . 
portion of the hea t  i s  removed by rad ia t ion  t o  an  enclosing s h e l l  which i s  

i so l a t ed  from the  e l e c t r i c a l  c i r c u i t  and attached t o  the  heat  s ink  bulkhead. 

Designs previous t o  the Program review on April  6 conducted hea t  from 

A maximum bus bar temperature was 

I n  t h i s  design the major 

The calculated temperatures of various poin ts  i n  t h e  r ad ia to r  system are 

shown on t h e  sketch i n  Figure 22 e These temperature ca lcu la t ions  indicated 

t h e  areas i n  which design changes could be made t o  reduce the temperature of 

t h e  contacts. The Coefficient of thermal conduction through t h e  bolted j o i n t  

between t h e  bulkhead and t h e  mounting flange of t he  c i r c u i t  breaker was 

extremely conservative. 

than the value used. This would reduce the  temperature of both contacts .  

Other changes that  would help reduce the contact  temperature are: 

I n  pract ice  th i s  coe f f i c i en t  could be 10 t o  1 higher 
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a )  The e l imina t ion  of the bolted j o i n t  between t h e  f ixed contact  

base and t h e  lower rad ia t ing  s t ruc ture .  

Increasing the cross  sec t iona l  area of t h e  thermal path between 

t h e  contac ts  and the  rad ia tors .  

Decreasing the e l e c t r i c a l  res i s tance  of t h e  contact e lectrodes.  

b )  

c )  

A s impl i f ied  r a d i a t o r  system has now been devised t h a t  w i l l  cos t  less t o  

f a b r i c a t e .  In  t h i s  arrangement a l l  of the  f i n s  radiate t o  the  outs ide shell  

d i r e c t l y  and do not overlap. 

re f inements  tabulated above. 

The design shown i n  Figure 23 includes the  

The cooling system w i l l  not be required on the  DC engine contactor because 

the heat generated a t  the contacts w i l l  be negl igible .  Thus t h e  simpler concept 

shown i n  Figure 24 i s  a d e f i n i t e  p o s s i b i l i t y .  

2. Mechanical Arrangement 

The design of a s i n g l e  i n t e r rup te r  f o r  both t h e  AC breaker and DC contactor 

would require high hea t  radiat ion f o r  t h e  AC breaker and high insu la t ion  f o r  t h e  

DC switch. To 

confine t h e  high heat  d i ss ipa t ion  t o  one design and the  high in su la t ion  t o  an- 

o the r  would reduce the  ove ra l l  cost .  

vacuum i n t e r r u p t e r  u n i t  o r  capsule t ha t  would be common t o  both t h e  Breaker 

and Contactor. 

In  short ,  the design would be a 600 ampere 10,000 v o l t  device. 

!&is can be done by having a s ing le  
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a )  The elimination of the bolted j o i n t  between the  fixed contact  

base and the  lower radiat ing s t ruc ture .  

Increasing the  cross sect ional  area of t h e  thermal path between 

the contacts and the radiators .  

Decreasing the  e l e c t r i c a l  res i s tance  of t he  contact e lectrodes.  

b )  

c ) 

A s implif ied rad ia tor  system has now been devised t h a t  w i l l  cos t  less t o  

f ab r i ca t e .  In  t h i s  arrangement a l l  of t he  f i n s  r ad ia t e  t o  the  outs ide s h e l l  

d i r e c t l y  and do not overlap. The design shown i n  Figure 23 includes the  

refinements tabulated above. 

The cooling system w i l l  not be required on the  DC engine contactor  because 

t h e  heat  generated a t  the contacts w i l l  be negl igible .  Thus t h e  simpler concept 

shown i n  Figure 24 i s  a de f in i t e  poss ib i l i t y .  

2. Mechanical Arrangement 

The design of a s ing le  in t e r rup te r  f o r  both the  AC breaker and DC contactor  

would require high heat  radiat ion f o r  t he  AC breaker and high insu la t ion  f o r  t h e  

DC switch. To 

confine the  high heat  d i ss ipa t ion  t o  one design and the  high insu la t ion  t o  an- 

o ther  would reduce the  overa l l  coat. This can be done by having a s ing le  

vacuum in t e r rup te r  u n i t  o r  capsule t h a t  would be  common t o  both the  Breaker 

and Contactor. 

In  short ,  the  design would be a 600 ampere 10,000 v o l t  device. 
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The design concept now being considered uses the alumina-rodar she l l  

and bellows t o  make up the vacuum enclosure. I n  the enclosure w i l l  be the  

molybdenum contacts and shield t o  prevent contamination of the alumina i n -  

su la t ion .  Either the radiation f i n s  required f o r  the AC breaker o r  the  elec- 

t r i c a l  connections f o r  the DC contactor would be added t o  the completed 

vacuum capsule. 

process t o  provide good thermal path as shown i n  Figure 23 

connections would be bolted t o  the vacuum capsule as shown i n  Figure 24 e 

Design work i s  now being concentrated on providing th i s  combination arrangement. 

The rad ia t ion  f i n s  would be attached by a temperature shr ink  

The DC switch 

3. Ion P u m ~  

The results of the mater ia ls  outgassing test  indicated a continuous 

pumping means with a speed of 0.5 liter/sec, w i l l  be needed t o  maintain a 

Torr vacuum a t  the high temperature. The 0.5 l i t e r / s e c ,  pump manufactured 

by the General E lec t r i c  Vacuum Products Operation i s  the smaller of the u n i t s  

ava i lab le  from three manufactures i n  t h i s  business. 

manufactured by both Consolidated and Ultex are larger and the i r  unsymmetrical 

arrangement about the pump u n i t  axie,  would cause arrangement problems. 

The pumps of t h i s  s i z e  

The pump must withstand the mechanical loads imposed by the shock and 

vibrat ion requirements. Therefore, a General E lec t r i c  Vacuum Products pump 

has been obtained, mounted on a suitable f i x t u r e  (shown i n  FYgure 25 ) and 

v ibra t ion  tes ted .  m e r e  were no indicat ions of mechanical. f a i l u r e e  Details 

of the tes t  are given i n  Appendix A, The pump w i l l  be tee ted  t o  check its 



pumping characteristics early in the hext work period to confirm its suit- 

ability for this program. 

A review of the pump characteristics shows that to obtain the rated 

capacity, temperature must be held to a maximum of approximately 20OoC. 

the present prototype, this can be done using a sealed enclosure around the 

pump and circulating cooling air through it. 

redesign of this accessory. 

For 

Flight type units would require 
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The vacuum in t e r rup te r  switch is moved by a mechanism, o r  actuator .  This 

p a r t  of the  Breaker o r  Contactor is mounted above the switch and on the  same 

center l ine .  

3/81t t o  impart a 1/4" t r a v e l  t o  the swiech contacts  p lus  a 1/8" compression of 8 

"wipe" o r  contact  pressure springo 

Movement i s  obtained with a solenoid which moves approximately 

This repor t  w i l l  d iscuss  the work t h a t  has been done on the  ove ra l l  

mechanism during the Pas t  th ree  months. 

solenoid guide diaphrams, the mechanism linkage, l a t c h  and t r i p  device, and the 

main operating solenoid w i l l  a l so  be reviewed. 

Detail work on t h e  development of the 

A, Mechanism Arrangement 

A va r i e ty  of ac tua tor  arrangements have been considered including the  long 

toggle linkage, t he  ro t a ry  l a t c h  linkage, and t h e  reverse  toggle linkage. 

A t  t he  April 23 Design Review Meeting the  ccjnceptual design of the long 

l inkage ac tua tor  proposed at  the  close of Phase I was re-examined fo r  f ab r i ca t ion  

cos t ,  dynamic i n s t a b i l i t y ,  a b i l i t y  t o  survive the  mechanical test ,  and over-a l l  

length.  M r .  Levy, Senior Mechmical Engineer in ATL stated t h a t  in his opinion, 

t h e  ac tua tor  would survive the  mechanical test, the design was not expensive t o  

f a b r i c a t e  and that  i n  the locked Launch pos i t ion  was dynamically stable. 

the long length  wa8 an objectionable poin t  fram an appl ica t ion  poin t  of view. 

However, 
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It was decided t h a t  t h i s  design would be u t i l i z e d  a s  a back-up f o r  any 

fu ture  design, and o ther  arrangements considered. 

The operation of a "rotary la tch"  design was considered too complex from 

a control  point  of view t o  be acceptable. 

was shor te r  i n  length, l i g h t e r  i n  weight, and used only one f l exura l  which 

should r e s u l t  i n  lower cost  and appeared promising. A'hock-up" of the reverse 

toggle ac tua tor  was b u i l t ,  and i s  shown i n  Figure 26. The metal block a t  the  

However, a "reverse toggle actuator"  

base of the  ac tua tor  i s  representative of the closing solenoid. 

is e s s e n t i a l  only t o  operation of the mock-up and subs t i t u t e s  f o r  the force of 

the solenoid t o  c lose the  AC breaker. FYgure 27 i s  a double exposure photo- 

The long handle 

graph showing the ac tua tor  i n  the closed and open posi t ions.  

posi t ion the  vacuum in t e r rup te r  contacts are held closed by the  long f l a t  

tension l i n k s  on each s i d e  of the closing solenoid. 

is fu r the r  biased over center by a magnetic la tch .  

I n  the  closed 

The 4rm of the  linkage 

To open the  in t e r rup te r  contacts, the  top of the actuator  is  pushed away 

from the permanent magnet la tch ,  over t he  center  of the  f lexura l ,  allowing the 

solenoid plunger t o  re lease  the movable contact t o  the  open posi t ion.  The 

l inkage i s  held i n  the open posit ion by the long tension l i n k s  on each s ide.  

A deta i led  layout drawing 5873474 of the  reverse toggle actuator  has been 

The section of the layout showing the mechanism 111~ = - e  completed and i ssued .  

view i s  shown i n  Figure 28 . 
a r e  firmed up, a re  now being made. 

Detail  drawings of the  actuator  components t h a t  
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B. Components, Designs and Tests 

1. Diiphragms 

The diaphragms used t o  center the closing solenoid armature and permit 

the  3/8" a x i a l  movement of the armature cons t i tu te  the  remaining major problem 

i n  the design of the actuator .  

passed the vibrat ion test. 

f ix tu re .  The test  f ix tu re  i s  a mock-up of the closing solenoid with the 

Diaphragms made of s t a i n l e s s  s t e e l  have not 

Figure 29 shows a diaphragm i n  the Vibration test  

diaphragms held i n  the closed posit ion by a spring force of 50 lb s .  

weight of the  armature, actuator  and switch pa r t s  are simulated by masses 

that  produce the  same moments of force.  Two diaphragms are t e s t ed  a t  the  

same t i m e .  

The 

The t e s t  f i x t u r e  i n  Figure30 i s  attached t o  t h e  vibrat ion mounting 

p l a t e  i n  the posi t ion t o  apply the v ibra t ion  exc i ta t ion  r ad ia l ly  t o  the  diaphragm. 

I n  Figure 31 the  f ix tu re  i s  positioned f o r  a x i a l  v ibra t ion  exc i ta t ion .  

diaphragms each 0.007" thick,  have been tes ted  and the  r e s u l t s  are given i n  the  

test  data sheets,  Appendix B. While they passed t h e  scan t e s t ,  they failed 

during one of the resonant frequency "dwell" tests. 

Two 

The f u t u r e  plans include: 

" 

@ Procurement of mater ia l  with a high endurance stress cha rac t e r i s t i c ,  

such as # 4140 o r  # 4340 s t e e l .  
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0 

o Make new diaphragms and t e s t .  

Redesign the  diaphragms t o  d i s t r i b u t e  the  f l e x u r a l  stresses. 

0 Invest igate  convolution bellows. 

2. Linkage 

The long f l a t  l i nks  on each side of the ac tua tor  l inkage i n  Figure 32 

are i n  tension against  the contact force of 50 l b s  i n  the closed posi t ion.  

The thickness and width of these s t r i p s  were calculated t o  give the best  

balance between the bending and t e n s i l  s t r e s ses  i n  t he  l i nks .  The selected 

thickness of 0.020" gives a bending s t r e s s  of 16,000 PSI with the proposed 

material - Inconel-X type 750. Fatigue data  on Inconel-X is  not avai lable  

a t  1000°F; however a t  room temperature with 80,000 lbs. stress, samples tes ted  

with a complete reversed bend d i d  not f a i l  before lOO,OOO cycles. The width 

of one inch f o r  the tension s t r i p  i n  our appl icat ion results i n  a t e n s i l  

stress of 1250 PSI. 

a t  ~OOOOF. 

Inconel-X can withstand a t e n s i l  s t r e s s  of 30,000 PSI 

Solenoids 

The closing solenoid f o r  the AC c i r c u i t  breaker was o r ig ina l ly  calculated 

t o  supply a closing force of 75 lbs .  a t  1/8" stroke and 100 lbs .  a t  5/16" 

s t roke.  

t he  mechanism. 

141 k i lo l ines .  

would require 3830 ampere turns .  

This la t te r  was 1/16 over the required s t roke t o  assist i n  la tch ing  

The f lux  required t o  furnish t h i s  force was calculated t o  be 

I n  the magnetic s t ruc ture  shown i n  the  ea r ly  designs, t h i s  

Assuming a current  of 1 .5  amperes and 225 



tu rns  the  solenoid would take l l 9  watts of power. 

temperature of the  c o i l  would increase 9 O C  per second a t  ZOOOOF f o r  steady 

state operation. 

0.1 second and thus any increase i n  temperature can be neglected. 

It was calculated t h a t  the  

However, the t i m e  of operation w i l l  be of the  order  of 

With the addi t ional  data  and d e t a i l s  of the  bellows, diaphrams,and connection 

t o  the  moving coi1,new loads have been determined. 

of 100 l b s  w i l l  be required a t  1/8" stroke, and 125 lbs  a t  5/16" stroke. 

It appears t h a t  a force 

To obtain t h i s  increased force, the magnetic s t ruc tu re  has been changed, 

decreasing the f l u x  density.  The ampere turns  and t o t a l  f l u ,  however, have 

not  been changed. 
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V TEST PLANS AND FACILITIES 

The complete prototype Breakers and Contactors w i l l  be subject  t o  a wide 

range of E lec t r i ca l  and Mechanical tests, as specif ied i n  the Contract. These 

tests w i l l  include in te r rupt ion  of twice normal current,  heat  runs and high 

voltage leakage. 

environment conditions. 

Mechanical tests w i l l  check for performance under launch 

Plans fo r  the f i n a l  tests are only being formulated and procedures con- 

sidered. However, f a c i l i t i e s  required a re  being checked and reserved, and 

spec ia l  equipment such as the  oven for  the heat run and endurance tes t  is  i n  

manufacturing. Some details  on this  work w i l l  be covered i n  t h i s  sec t ion ,  

A ,  E l e c t r i c a l  

Detail planning work f o r  the e l e c t r i c a l  in te r rupt ion  tests w i l l  s tart  

during the th i rd  quarter  of 1965. However, preliminary work was done during 

the past quarter on checking the capaci tor  banks available i n  t h e  Schenectady 

p l an t  of General E lec t r i c  where the tests w i l l  be made. 

was a l s o  obtained t o  a id  i n  planning the tuned c i r c u i t  and re la ted  connections 

and switching devices. 

bank could be reverse charged i n  the 2000 cps "ringing" c i r c u i t .  

has been resolved and the  bank can be operated up t o  2000 vo l t s  peak, without 

damage by reversal .  

Ci rcu i t  parameter da ta  

There was sane question that  the capaci tors  i n  the  

This point  

Thus, adequate capacity i s  ava i lab le  t o  provide the  elec-  

t r i c a l  limits of 1200 amperes a t  1000 v o l t s  and with a 2000 cycle pe r  second 

frequency 
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Length of t i m e  the c i r c u i t  is closed and speed of switch operation 

a r e  important considerations i n  determining i f  a low enough c i r c u i t  decay 

r a t e  can be maintained. Some indication of the problem i s  shown i n  the following 

tabulat ion with the 

$ Reduction 
of Peak E & I 

System Q 
(Indicat ion of 

proposed equipment : 

Merit)  PO0 200 100 200 500 200 

Brkr.Closed %me- 
M i l l i  -Seconds 10 22 4.5 9 25 3.2 

*This column indicates  a feas ib le  condition. 

An a l t e rna te  approach t o  the decrement problem would be t o  supply 2000 cps 

power, equal t o  the decrement power) from a f ixed power source. The f ixed source 

would be connected t o  the c i r c u i t  a f t e r  the c i r c u i t  breaker under test  i s  

closed. 

and the  power source current,  

This method of t e s t  would require a means of phasing the  tuned current  

It is under fu r the r  invest igat ion.  

B. Mechanical 

The Breaker and Contactor are being developed t o  meet mechanical test  

conditions involving vibrat ion over a range of 20-2000 cps, shock a t  35"g", 

accelerat ion a t  7"g" and acoust ical  with noise l e v e l s  of 148 db and frequency 

range of 20-2000 cps. 
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Both the  shock and vibration w i l l  be performed a t  the  Schenectady p l an t  

of the General E lec t r i c  Company. 

a b i l i t y .  Fixtures f o r  mounting the switchgear w i l l  be developed during the 

next quar te r ly  period. However, component t e s t i n g  on the vibrat ion machine 

i s  already underway, a s  reported i n  the sect ions of t h i s  report  on the ion 

pump and mechanical diaphrams. 

The f a c i l i t i e s  have been checked f o r  ava i l -  

C .  Heat Run and Endurance 

The basic new f a c i l i t y  t h a t  w i l l  be required f o r  the Heat Run, E lec t r i ca l  

Leakage, and Long Time Endurance Tests, i s  an oven which will mount ins ide  a 

vacuum tank such as shown i n  Figure 2 and provide t h e  1000°F environment i n  a 

pressure of 

Quarter ly  Report. 

of it was received. 

are long quartz tubes with tungsten fi laments.  

lamps around the s ides  and i n  the top  and bottom supports. 

Torr. The basic design of the  oven was described i n  the First 

During t h i s  quarter, a l l  oven material was ordered and much 

The oven i s  being fabricated from R o d a r .  The heating elements 

Alumina in su la to r s  support the  

The lamp control  c i r c u i t r y  was developed during t h i s  quarter ,  and needed 

vacuum tank feed throughs f o r  the required power c i r c u i t s  are under consideration. 

Thermocouple connecting means, and arrangements f o r  recording the  data are also 

being studied. 

Test procedures f o r  both heat r u n  and high voltage leakage t e s t i n g  have been 

s t a r t e d  and w i l l  be avai lable  during the  th i rd  quarter. 

problems revolves around the need f o r  making all t he  tests and c i r c u i t  checks 

required f o r  both the  heat  run and leakage t e s t s ,  without opening the  vacuum chamber. 

One of the major 
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APPENDIX A 

VPRRATION TEST ON ION P W  

The vibrat ion equipment i s  a model glA Unholtz-Dieky vibrat ion system 

consis t ing of a vibrat ion head and a control  console complete with frequency 

and amplitude controls .  

Berkley E-put meter. 

The resonance frequencies were double checked on a 

Resonances are determined by e i t h e r  the  output waveshape of a v ibra t ion  

pick-up, by v isua l  observation, o r  audible sound. 

11. TEST SPECIFICMIONS 

Scan the frequency range i n  1 t o  10 minutes with logarithmic sweep on 

each of three major axis a t  the inputs tabulated below. 

resonance frequency, s ine  wave exci ta t ion w i l l  be applied fo r  5 minutes a t  

the l eve l s  specif ied below: 

A t  each major 

Frequency 

16 - loo CPS 

loo - 180 CPS 

180 - 2000 CPS 

Scan Level 

6 %" 
0.118: P/P 

19 "g" 

Resonance 
Level 

3 "g" 

9. 5 "g" 
0.0059" P/P 
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I11 DEVICE OR ITEM 

.- 

4. ._ 

Ion  pump. General Electric Vacuum Products Operation, Model 22Tpo5O 

#4004 0.5 liter/sec . Magnet removed. 

IV. MAJOR AXIS OF VIBRATION EXCITATION 

Magnet removed from the pump unit. 

Axis - 1 Along the major axis of the pump unit. 
Axis - 2 Along the diameter of the pump body, radial to major axis of the 

pump unit. 

Axis - 3 None 

V. TEST FU3SULTS 

A. Scan Completed In: 

Minutes 

Axis-1 Axis-2 Axis-3 

9 9 9 

B. Major Resonance Frequencies (cps) 

Axis-1 Axis-2 Axis-3 

None 240 

700 

C. Five Minute Dwell at Above Frequencies 

Dwell completed at 240 
700 

No indication of mechanical damage. 
Test of pumping characteristics not completed. 
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APPENDIX B 

VIBRATION TEST ON MECHANISM DIAPHRAMS 

I. EQUIPMENT 

The vibrat ion equipment i s  a model g l A  Unholtz-Meky vibrat ion system 

consis t ing of a vibrat ion head and a cont ro l  console complete with frequency 

and amplitude controls.  The resonance frequencies were double checked on a 

Ekrkley E-put meter. 

Resonances are determfned by either t h e  output waveshape of a v ibra t ion  

pick-up, by v i sua l  observation, o r  audible sound. 

11. TEST S P E C I F I C A T I O N S  

Scan the frequency range i n  1 t o  10 minutes with logarithmic sweep on 

each of three major a x i s  a t  the inputs  tabulated below. A t  each major 

resonance frequency, s ine  wave exc i ta t ion  w i l l  be applied for 5 minutes at  

the l e v e l s  specif ied below: 

Frequency 

16 - loo CPS 

100 - 180 cps 
180 - 2000 cps 

Scan Level 

6 "€3" 

0.118: P/P 

19 ' g "  

Resonance 
Level 

3 'k" 

9.5 ('g" 

0 a 0059" P/P 
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111 DEVICE OR ITEM 

Actuator diaphragms OeO07" thick made of s t a in l e s s  steel shim stock. 

!Two diaphragms i n  mock-up of solenoid i n  solenoid closed posit ion and loaded 

by a spring force of 50 lbs. 

applicable switch par t s  simulated. 

The weight of solenoid armature, actuator and 

IV. MAJOR AXIS OF VIBRATION EXCITATION 

Axis - 1 Refer t o  Figure 29. 

Axis - 2 A t  45' Mounting of F'igure 30. 

Axis - 3 Vertical Position - Refer to Figure 31. 

V. TEST RESULTS 

A. Scan Completed I n :  

Axis-1 

Minutes 9 

B. Major Resonance Frequencies (cps ) 

Axis -1 

173 
224 
643 
713 

1190 

Axis-2 Axis-3 

9 9 

Axis-2 

176 
280 

625 
700 

1210 

1650 

Axis-3 
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C. E’ive Minute Dwell a t  Above Frequencies 

Completed the 5-minute dwell on a l l  resonant frequencies i n  axis-1. 

Diaphragm ruptured after &-minute dwell a t  176 cps i n  axis-2. 
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TABLE 1 

GAS ANALYSIS SUMMARY 

Rodsr - 1 Piece .010” Thick x 1 cm x 4 cm 
A s  Received, Cleaned 

Time Temp MICRON LITERS MTAL 
Min . OC K H2O CO + N2 c2 - c5 c02 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13  
14 
15 
16 
17 
10 

58 
98 

169 
248 
325 
400 
467 
526 
578 
630 
680 
722 
765 
797 
797 
794 
793 
794 

.42 
1.04 

1.66 
2.38 
3-38 

.8 4.06 
1.2 4.48 
1.6 4.84 
1.6 5.14 
1,8 5.4 
1.8 5.71 
2.0 5 -93 
2.0 6.15 
202 6.31 
2.2 6.53 
2.3 6.71 

0 

0 

07 
.10 

.21 

0 11 

* 17 
19 

.16 
* 13 . 00 

0 

0 

0 

0 
0 

0 

05 
. 00 

0 

07 
9 25 
* 30 
31 
31 
32 

4 30 
* 29 
025 
.24 
.21 

e 18 
15 

-41- 
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TABU 2 

GAS ANALYSIS SUMMARY 

Rodar - 1 Piece .020" Thick x 1 cm x 4 cm 
A s  Recieved, Cleaned 

Time Temp. MICRON LITERS WTAL 

Min. OC H2 H2° co + Iv2 c2 - c5 c02 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 
14 
1 5  
16 
17 
18 

61 
106 
178 
265 
347 
425 
495 
555 
612 
660 

743 
784 
806 
798 
793 
790 
788 

712 

0 

0 
0 

0 

0 

0 
1.0 0 

9.0 0 

17.0 0 

19.7 0 

19-9 0 

20.3 0 

20.3 0 

20.5 0 

20.5 0 

2 0 ~ 6  0 

20.5 0 

.08 

09 
.10 

.ll 

- 09 
.21 

35 
9 45 
37 

e 44 
48 

.60 
0 78 
0 93 

1.06 
1.25 
1-31. 

0 

0 

.20 

.20 

15 
15 
15 

.10 

.10 

.10 

0 

0 

0 

0. 

0 

-* 38 
.44 

050 
9 52 
52 
53 
53 

0 5 0  
.48 
.48 
.4J+ 

-42- 



TABLF: 3 
GAS ANALYSIS SUMMARY 

Rodar - 1 Piece .060" Thick x 1 cm x 4 cm 
As Received, Cleaned 

~ ~ ~~ 

Time Temp MICRON LITERS TOTAL 
e2 - c5 c02 Min. OC H2 H2O eo + m2 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 
14 
15 
16 

18 
17 

53 
100 

178 
265 
350 
425 
495 
553 
605 
655 
700 
746 
788 
808 
802 

799 
797 
797 

.40 

.20 

2.80 

13.00 

66.20 
93 60 

115.30 
117 i o  
117.00 

36.40 

108.40 

73 
1.54 
2.31 
2.96 
3.85 
4.65 
5.60 
6.88 
8.55 

9.60 
10.07 
10.60 
10.96 
11 16 

11.86 

9.24 

11.48 

13 
19 
23 
27 
35 
45 

9 57 
85 
96 
96 

9 93 
89 
90 

'* *93 
1.03 
1.11 

0 

0 
0 

0 

0 

0 
0 
0 

0 
0 

0 
0 

0 

07 
.14 
9 31. 
53 
63 
72 ** 
74 

-77 
74 
72 
72 

-43- 



TABU 4 
GAS ANALYSIS SUMWW 

Rodar - 1 Piece .010" Thick x 1 cm x 4 cm 

Vac.-Fircd at 1550'F for 6 Hours at Torr 

__ 

Time Temp. F C R O N  LITERS TOT& 
c2 - c5 c02 Min. OC Hz H2O co + N2 

1 59 
2 95 
3 170 
4 250 
5 325 

0 

0 
0 0 

0 0 

0 .  

03 
6 4od 0 0 07 
7 

9 
10 
11 

12 

13 
14 

15 
16 

17 
18 

19 
20 

a 
466 
524 
577 
627 
672 
714 
756 
793 
830 
865 
897 
910 
905 
904 

0 
0 

0 

0 
0 

.10 0 

.20 0 

.30 o 

.60 o 
1.00 0 
1.30 o 
1.90 0 
2.70 o 
3.60 o 

0 

0 

0 
0 
0 

.12 

30 
.46 
57 

9 55 
57 
072 
.e6 

1.00 

10 
0 20 

4 25 
35 
40 

-45 
50 

50 
65 

070 
.80 

90 
1.05 

1.25 

.2P 

.42 

9 53 
070 
78 
83 
81 
083 
.87 
.a6 
87 
89 
90 

90 

-44- 
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Radar - 1. Piece .020" Thick x I cm x 4 cm 

Vat.-Fired - f o r  6 Hours at 1550°F at 10 Torr --T _.II -- 

1 
2 

3 
4 
5 
6 

7 
8 

9 
10 
11 

12 

13 
14 

15 
16 
17 
18 

19 
20 

0 00 

0 

0 

0 

0 

0 
0 

.10 Q 
* 23 0 

0 10 8 

0 1.0 0 

. EO 0 

30 0 

0 50 0 

,80 0 

l040 0 

2.20 0 

2.90 0 

3.90 0 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

* 00 

.08 

? 20 

0 PO 
" 00 

0 

0 

80 

I10 

-45 - 



TABLE 6 
GAS ANUYSIS SUMMARY 

Rodar - 1 Piece .060" Thick x 1 cm x 4 cm 

Vac.-Fired for 6 Hours at 1550°F at Torr 

Time Temp. MICRON LITERS TOTAL 

c2 - c5 c02 Min. OC H2 %O c0 + N2 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 

47 
87 
153 
237 
320 
398 
460 
533 
602 
645 
697 
742 
787 
828 
869 
906 
913 
910 
910 
910 

0 

0 

0 

0 

0 

D 10 O 

0 20 0 

n 20 0 

20 0 
0 20 0 

.20 0 

e 20 0 

40 0 

e 80 C 
1.20 0 
2.10 0 

3.50 0 
4,gO 0 

6.00 0 

0 

0 

0 

0 

0 

0 

0 

0 

08 
.16 
0 22 

0 37 
e 49 
e 64 
"64 
0 70 
0 89 
0 99 
1.15 

0 

0 

a 10 

1 5  
* 20 

9 35 
.40 
45 

4 50 
9 55 
* 55 
e 60 

0 70 
9 70 
e 80 
0 90 

0 

.oo 
07 
.12 
.22 
.28 
44 
70 
99 

1.03 

1.16 
1.15 

1.18 
1.18 
1.18 
1.19 

1.14 

1.21 

-46- 



TABU 7 
GAS ANALYSIS SUMMARY 

Rodar - 1 Piece .010" Thick x 1 cm x 4 cm 

Vac.-Fired f o r  48 Hours at 1550'F at Torr 

Time! Temp. MICRON LITERS 
Min. 

OC 52 %?O c2 - c5 c02 CO + N2 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 

11 
12 

13 
14 
15 
16 
17 
18 
19 
20 

57 
98 

171 
250 
325 
402 

. 4 6 6  
525 
579 
627 
674 
716 
759 
786 
833 
4367 
900 

908 
904 
904 

0 
0 

0 
0 

0 

0 

0 

0 
0 
0 

0 0 

0 0 
e 10 0 

50 0 

1.00 0 

1.50 0 

2.40 0 

3.30 0 

4.20 0 

. 00 

. 00 

. 00 

. 00 
03 
05 

.06 

.10 

13 
-23 
25 
30 

.40 
49 

* 29 
09 

.16 
20 
.80 

0 

05 
.10 
.10 

15 
.20 

e15 
15 
15 

9 15 
.10 

.05 : 

0 

05 
15 

0 

-00 

*w 
09 
19 
.26 
.20 

35 
37 
-39 
37 
39 
38 
39 
3 9  
37 
37 
37 

-47- 



TABLE 8 
GAS ANALYSIS SUMMARY 

Rodar - 1 Piece ,020" Thick x 1 cm x 4 cm 
Vac. -Fired for 48 Hours i n  1550°F at lom8 Torr 

~ _ _  ~~ ~ 

MICRON LITERS 'TOTAL 

c2 - c5 c02 Ii2 B 2 O  CO + N2 
Time 
Min. 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 

11 
12 

13 
14 

15 
16 
17 
18 
19 
20 

53 
87 

171 
240 

320 

405 
477 
490 
600 

654 
703 

751 
795 
838 
8-78 
910 
915 
915 
915 
915 

0 

0 
0 
0 

0 

0 

0 

0 

0 

.oo 0 

.05 o 

.50 o 

.yo o 
1-30 o 

2.70 o 

020 0 

2.00 0 

3.20 0 

0 

0 
0 
0 
0 

0 

0 

0 

.oo 
09 

* 20 

.22 

e 34 
e 26 

e25 

25 

-25 

32 

0 

05 
0 10 

0 10 
0 

0 10 

0 15  
0 15  
0 15  
15 

.20 

.20 

.20 

0 25 
25 

0 

.oo 
* 05 
.ll 
.18 
.24 
0' 

6 3 2  
0 31 
33 
33 

0 3 2  
' 33 
33 

e 3  

*3A 
0 31 

-48- 



TABU 9 
GAS ANALYSIS SUMMARY' 

Rodar - 1 Piece .060" Thick x 1 cm x 4 cm 
Vac.-Fired for 48 Hours at 1550°F a t  Tor r  

%me Temp. MICRON LITERS TOTAL 
EI2 H2O co + M2 c2 - c5 c02 Min . OC 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
I 2  

13 
14 
15 
16 
17 
18 
19 
20 

65 
108 
178 
259 
334 
410 
475 
5 34 
588 
636 
685 
727 
768 
808 
844 
881 
912 
914 
912 
910 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 0 

010 0 

.20 0 

.50 o 

.go 0 

2.00 0 

3.50 0 

4.60 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

D 00 

.10 
0 

0 

0 

0 

0 10 

0 

0 

05 
0 15 
* 20 

0 20 
.20 
.20 

0 05 
.10 
.10 

005 
9 05 
.10 

. 00 

.oo 

.08 

. 11 

.14 
925 
32 

0 39 
.44 
.42 
045 
.44 
.44 
.42 
.42 
.42 

-49- 



TABLE 10 
GAS ANALYSIS SUMMARY 

TD Nickel - 1 Piece .010" Thick x 1 cm x 4 cm 
As Received, Cleaned 

MICRON LITERS TOTAL 

c2 - c5 c02 T 8 7  * Hz H2O co + 5 Time 
Min . 
1 

2 

3 
4 

5 
6 

7 
8 
9 

10 

11 

12 

13 
14 
15 
16 

17 
18 

56 
105 
184 

270 

352 
430 
497 
556 
617 
660 
707 
751 
790 
810 
801 

797 
795 
795 

17 
35 

.66 
.io 1.08 

1.2 2.50 

4.4 3-07 
6.6 2.92 

8.6 2.50 

10.2 2.16 
11.8 1.82 

13.3 3.58 

15.8 1.29 
16.9 1.19 

17.7 1.11 

18.0 0 96 

14.6 1.47 

.14 

.16 

.24 

.20 

.24 
1.44 
2.42 

3.58 
4.97 
6.29 

7.45 
8.31 
8.89 

9.85 
10- 35 
11.00 

11.45 

35 
45 

.40 

25 
.20 

05 
.oo 

0 22 

1.23 
1.66 
1-75 
1.82 
1.84 
1.9 
1.89 
1.91 
1.93 
1.92 
1.90 
1.88 

-50- 



TABLE 11 
GAS ANALYSIS SUMMARY 

1.17 
1.17 
1.18 
1.18 
1.18 

V 1.16 

TD Nickel - 1 Piece .020" Thick x 1 c m  x 4 cm 

A s  Received, Cleaned 

Time Temp MICRON LrmRs TOTAL 

Min OC % %O 2 c2 - c5 c02 co + N 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13  
14 
15 
16 
17 
18 

55 
93 

163 
248 
325 
405 
467 
528 
583 
632 
680 
723 
765 
800 
800 

795 
793 
793 

.10 

.80 
3.40 
6.20 
9.80 

13.00 
15 .io 
16 40 
17 60 
18 90 
19 0 70 
20 60 

e 1 5  

.08 

.11 

19 
.26 
49 

1.39 
1.50 

0 90 
0 00 

! 

77 
1.63 
3.89 
7.07 
9.33 

11.03 

12 gr 
13 68 

12.10 

14.25 
14 66 

-51- 



TABU 12 
GAS ANALYSIS SUMMARY 

TD Nickel - 1 Piece .060" Thick x 1 c m  x 4 cm 
As Received, Cleaned 

I 

V 

I-- 
- 

- 

,- 

I: 

Time Temp e MICRON LITERS TOTAL 
5 c02 Min. OC %! H2° CO + N2 c2 - c 

1 

2 

3 
4 
5 
6 
7 

9 
10 

11 
12 

13 

a 

14 
15  
16 
17 
18 

58 
105 

171 
255 
336 
414 
477 
538 
593 
642 
690 
732 
777 
805 
800 

797 
795 
795 

2.0 

5.4 
9.0 

14.3 
18.4 
190 5 
22.1 

23.7 
25.4 

- 23 
e .60 
1.04 
1.43 
1.89 
2.03 
2.57 
3.38 
4.80 
5.39 
5.16 
3.85 
2.85 
2.17 
1-81 
1.23 
1.11 

e 10 

0 12 

025 
40 

1.42 
2.53 
4 4'0 
8.64 

12.64 
15 0 65 
17 65 
19 10 

20 e 25 

07 
.42 
.% 

1.05 
1,16 
1.01 

0 8 6  
.82 

0 79 
77 
75 

t 

-5 2- 



TABLE 12 

GAS ANALYSIS SUMMAFiY - 
TD Nickel - 1 Piece .010" Thick x 1 cm x 4 cm 
Vac.-Fired for 6 Hrs. at 1550°F at 10'' Torr 

I- ~ 

!Time Temp. MICRON LITERS TOTAL 

c2 - c5 c02 Min. OC H2 H2O co + % 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 
15 
16 

18 
17 

19 
20 

- -~ 

56 
100 

171 
251 
331 
405 
470 
528 
585 
635 
683 
725 
766 
806 
842 
878 
902 
900 
897 
897 

.20 
2.00 
6.40 

9.50 
11 e 90 

16 e 70 
19.00 
21.60 

26 60 
28 70 
31.00 

14.10 

24.10 

0 

0 
0 

0 
0 
0 

0 
0 

0 

0 

0 

0 

0 
0 

0 
0 

0 
0 

0 

0 

0 
0 

0 

0 
0 

19 
2.29 

4.97 
7.06 
8.66 
9.85 
11 a 72 
13 0 32 
15.10 
17.14 
19.62 
21.70 

23.25 

05 

05 
.20 

-25 
025 
.20 

0 15 
0 15 
* 15 
.10 
.05 
0 
0 
0 
0 

2 
c, 
0 z 

-53- 



GAS ANALYSIS SUMMARY 

TD Nickel - 1 Piece .020" Thick x 1 cm x 4 cm 
Vac.-F'ired a t  1550'F for 6 Hours a t  Torr 

Time Temp MICRON LITERS TOTAL 

Min . OC c2 - c5 c02 CO + N2 H2° H 
2 

1 

2 

3 
4 
5 
6 
7 
8 

9 
10 

11 

12 

13  
14 
15 
16 
17 
18 
19 
20 

52 
100 

157 
237 
322 
401 
472 
537 
596 
648 
701 
748 
795 
837 
877 
911 
910 
906 
905 
903 

2.0 

5*10 
8.50 

11.30 

16 20 

18.60 
20.90 
23.20 

25.10 

14 10 

26 a 40 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

23 
1.80 
4.16 
6.24 
7-98 
9.32 

10 e 82 

12 30 
13 0 94 
1 5  e 62 
16.90 
17.75 

0 

.10 

20 

.40 
e45 
30 

.20 

.10 

0 

0 

0 

0 

0 

0 

0 

07 
*og 
18 

0 2 7  
e 41  
.61 

1.25 

1.38 

1.05 

1.33 

1.40 
1.41 
1.41 
1.40 
1.40 
1.38 
1.36 
1.34 

-54- 



TABLE 15 
GAS ANALYSIS SUMMARY 

TD Nickel - 1 Piece .060" Thick x 1 cm x 4 cm 
Vac.-Fired for 6 Hours at 1550°F at Torr 

__ __ - ____ - 

T i m e  Temp. MICRON LITERS TOTAL 

c2 - c5 c02 Min . OC H2 %O c o +  % 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 

55 
94 
163 
242 
327 
405 
480 
540 
590 
635 
680 
721 
765 
801 

837 
872 
901 
897 
890 
887 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.10 0 

.20 0 

2.50 o 
5.10 o 

g060 o 
11.90 0 
14.80 0 

17.10 o 
19,20 o 

7.40 0 

0 

0 

0 

0 

4 05 
06 

e 10 
.16 
.26 
e 92 
2.48 
4.07 
5.39 
6.55 
7.74 
9.22 
10 60 
11.85 

0 

0 05 
.10 

9 15 
.20 

.20 

.20 

05 
0 

0 
0 

0 

0 

0 

0 

.04 

.11 

.18 
-.2& 

0 3 0  
37 
.42 
-3 
70 

0 %  

1.08 
1.16 
1.29 
1-39 
1.40 
1.46 
1.47 
1.52 

-55- 



TABU 16 
GAS ANALYSIS SUMNARY 

TD Nickel - 1 Piece .010" Thick x 1 cm x 4 cm 
Vac.-Fired f o r  48 Hrs. at 1550°F at Torr 

Time Temp MICRON LITE-RS ma 
5 c02 Min. OC H2 %O co + N2 c2 - c 

-1 
2 

3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 

15 
16 

58 
104 

173 
258 
335 
405 
467 
526 
580 
627 
675 
718 
759 
797 
833 
868 

1.00 
2.80 
4.30 

5.70 
7.10 
8.90 
10.80 
13.00 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

0 
0 

03 
1-46 
2.88 

3.84 
4.76 
5.40 
6.07 
8.10 
9.20 

0 

05 
e 1 0  

15 
-15 . 10 
05 
0 
0 
0 
0 

05 

*w . 10 
-25 . 41 
76 
-88 
.95 
1.00 
,at 
1.03 
1.05 
1.07 
1.10 

17 897 15-50 0 10.84 0 1.07 

18 909 18.40 0 12.72 0 1.05 

19 905 20.90 o 14 . 50 0 1.03 
20 900 22.90 o 16.25 0 1.01 

-56- 
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TABLE 17 
GAS AN&YSIS SUMMARY 

TD Nickel - 1 Piece .020" Thick x 1 cm x 4 cm 
Vac.-Fired f o r  48 Hrs. a t  1550°F at  Tor r  

Wme Temp MICRON LITERS TOTAL 
Min OC H2 H2O co + I$ c2 - c5 c02 

1 
2 

3 
4 
5 
6 
7 
B 

9 
10 

11 

12 

13 
14 
15 
16 
17 
18 

19 
20 

58 

156 
242 
32 5 
403 
475 
538 
597 
649 
700 

746 
788 
827 
867 
903 
906 
905 
903 
903 

102 

80 
2.50 
3.90 
5.30 
6.90 
8.60 

12.30 
14 20 

15 e 70 
17 a 40 

10 e 40 

0 1 5  
0 1 3  
* 03 
0 

0 

04 
0 

4 09 
0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

04 
0 03 
0 

0 

* 03 
05 

4 09 
16 

1.50 
0 

3.42 
4.27 
5.17 
6.07 
7.00 

0 

8.82 
10 0 00 

10 65 

9 05 
.10 

05 
.10 

.20 

.20 

* 05 
0 

0 

0 

0 

0 

0 

0 

0 

0 

05 
. 11 
.18 
23 
33 

.46 
75 

9 97 
1.03 

1.23 
1-27 
1.33 
1.37 
1.41 
1.46 
1.47 
1.49 

1.12 

-57- 



TABLE 18 
GAS ANALYSIS SUMMARY 

'I'D Nickel  - 1 Piece .060" Thick x ' 1  em x 4 cm 
Vac.-Fired for 48 Hrs. a t  1550'F a t  Torr 

~- 
I- Time Temp MICRON LITERS TOTAL 

Min. OC yz %!O co + r5, c2 - c5 c02 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 

12 

13 
14 

1 5  
16 

17 
18 
19 
20 

58 
107 
178 
265 
348 
426 
495 
550 
602 
650 
699 
740 
780 
818 
856 
888 
908 
902 
900 
898 

0 

0 

0 

0 

0 

0 

0 

0 

.20 0 

.20 0 

.40 0 
2.90 o 
5.10 o 
7.00 0 

9.20 o 
11.50 o 

16.10 o 
18.00 o 

14.0 0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

e 1 3  
e 98 
2.60 
3.92 
5.06 
6.10 
7.27 
8.02 
8.90 
9.75 

05 
05 

05 
.10 

15 
.20 

-25 
30 
25 
10 
0 

0 

0 

0 

0 

0 

2 07 
.11 
'18 
.20 
e 26 
0 35 
.42 
55 
78 

1.05 

-1 23 

1.36 

1.14 

1.30 

1.40 
1.42 
1.43 

1.45 

-58- 



TABLE 19 
GAS ANALYSIS SUMMARY 

Titanium - 1 p iece  .010" Thick x 1 c m  x 4 cm 

As Received, Cleaned 

T ime  Temp. MICRON LITERS T O T A T  
Min. uC H2 CO + N2 c2 - c5 c02 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 

12 

13 
14 

15 
16 
17 
18 

60 

105 

183 
262 

341 
415 
482 
541 
597 
643 
694 
740 
779 
813 
806 

801 

789 
799 

.12 

33 
* 54 
77 

9 77 
45 
03 

30 

50 
18.8 -75 
27.3 1.08 
40.0 . 00 
51.0 .oo 
50.3 0 00 
48.3 . 00 
46.5 . 00 

e 16 
.28 

* 38 
1.14 
1.40 
1.61 
1.84 
2.01 

2.13 
2.25 

2.43 
0 00 

0 00 

.10 

.20 

25 
.20 
. 00 
. 00 
. 00 
.oo 
. 00 
. 00 
. 00 
00 

00 

.16 
e 18 

.06 

. 00 

. 00 

. 00 

. 00 

.OO 

.oo 

. 00 

.oo 

. 00 

.14 

-59- 



TABLE 20 

V 

GAS ANALYSIS SUMMARY 

Titanium - 1 Piece .020" Thick x 1 c m  x 4 cm 

As Received. Cleaned 

~ 

Temp. MICRON LITERS TOTAL 
C H.r H 2 O  c2 - c5 c02 CO + N2 0 

T i m e  
Mint 

1 65 
2 105 1 5  . 00 

3 172 ., 42 0 00 

4 
5 
6 
7 
8 
9 

10 

11 
12 

13 
14 
15 
16 
17 
18 

2 59 
344 
421 
490 
550 
610 
660 
710 
74 5 
784 
795 
793 
788 
791 
794 

.62 
1.33 
1 e 78 

. io  3.15 
1.80 2.72 

7.20 .46 
5.60 1.50 

9.40 .OO 

15.40 

44 70 
44 * 55 
42.80 
42.30 

e 00 

(I 10 

62 
1.27 
1.50 
1.73 
1.53 

0 98 
*45 
.08 
. 00 

I 

v 

9 25 
0 70 

1.15 
1.25 

0 75 
45 

1.1 

0 10 

. 00 
I 

.11 

0 55 
79 
78 
59 

9 31 
13 

0 00 
I 

-60- 
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TABLE 21 
GAS ANALYSIS SUMMARY 

Titanium - 1 Piece .060" Thick x 1 c m  x 4 cm 
As Received, Cleaned 

~~ - 

Time TpP. MICRON LITERS TOTAL 
H2 H2O c2 - c5 c02 €0 + N2 C Min. 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13  
14 
15 
16 
17 
18 

60 
90 

159 
242 
327 
410 
482 
548 
607 
661 
713 
760 
803 

811 
807 
806 
806 

814 

1.20 

1.77 
2.50 
3.28 

.40 5.07 
2.30 4.70 
6.80 3.23 
9.20 2,08 

15.20 1.25 

4.07 

24.70 .77 
37.00 .40 
47.40 .06 
49.80 00 

48.40 

13 
.16 
.16 
19 

0 38 
9 83 50 
0 log 70 
D 119 60 
78 25 

.41 . 00 

09 I 
I . 00 

l ' v 
.ll 

35 
.62 
.61 
38 

* 19 
.06 
. 00 

I 
i 
9 



Titanium - 1 a e c e  .010" Thick x 1 em x 4 cm 
Tom Vac, -Fired for  6 Hours at 155Q°F at loo8 - 

_I_ 

%me Temp - ICICROM LITERS TOTAL --- 
5 c02 c2 - c CO t N2 Min. OC % 9 

1 

2 

3 
4 
5 
6 
'9 
8 

9 
10 

11 

12 

1 3  
14 

15 
16 

17 
18 
19 
20 

58 
104 

173 
256 
336 

477 
534 
590 
636 
685 
729 
770 
811 

837 
881 

906 
903 

902 

902 

410 

00 

I 

2,80 

6.20 

PO, 20 

5.3. 
, 70 
20 

e 20 

.¶ 40 
60 I 

6 70 I 
I 
i 1. t 1.0 
I 

i 1.20 

I 
3,20 

1.00 .V 

0 00 0 00 

- __ 

. 00 

i V 

-62- 



GAS ANALYSIS SUMMARY 

Titanium - 1 Piece .020” “hick x 1 em x 4 em 

Torr Vac.-Fired f o r  6 Hours at 1550°F at 

Time  Temp MICRON LITERS mrAL 

52 H2° CO + N2 c2 - c 5 c02 Min. OC 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 

53 
98 
171 
248 
325 
400 
466 
525 
577 
627 
672 
718 
759 
790 
834 
867 
901 
901 
898 
898 

0 50 
1.70 
3,20 
2.05 

0 50 
0 10 

0 00 . 00 

0 10 

15 
15 

* 10 
0 00 

I / 

-63-  
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TABLE: 24 
GAS ANALYSIS SUMMARY 

Titanium - 1 Piece .060" Thick x 1 cm x 4 cm 

Vac e -Fired f o r  6 Hours 

Time T p P  MICRON LITERS TOTAL 
Min. C K %O CO + N2 c2 - c5 c02 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 

46 
84 

150 
231 
317 
395 
467 
532 
588 
646 
696 
745 
788 
831 
870 
908 
915 
912 
914 
914 

a 10 

0 70 
4.40 
7.20 
2.50 

.80 

e 30 
0 10 

*90 

.80 . 00 
I 
i 
1 

j i 
.10 

05 
15 

0 20 
0 20 

005 
0 00 

I 
1 

i 
i 
! 

1 

' O r  . 00 



TABU 25 
GAS ANALYSIS SUMMARY 

Titanium - 1 Piece .010" Thick x 1 cm x 4 cm 
. Vacuum f i r e d  48 Hours 

Time *m* MICRON LI!I'EBS TOTAL 
Min . OC Hz H2O CO + N2 c2 - c5 c02 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 

55 
79 
170 
248 
329 
403 
465 
523 
578 
627 
674 
716 
757 
795 
830 
866 
900 
897 
895 
896 

.20 

3.0 
6.4 
10~6 
11.7 
1.7 

0 30 
.20 

30 
* 50 
70 

1.00 
1.20 
1.20 
1.20 

30 
e 30 
. .41 
46 
.60 .10 .10 

14 .10 

.16 015 
19 15 
06 15 

) .c 

I \ 

-65- 



TABLE 26 

GAS AIVALYSIS SUMMARY 

Titanium - 1 Piece .020" Thick x 1 cm x 4 cm 
Torr Vac.-F'ired fo r  48 Hours a t  15500F at 

%me %mp. ,CRON LITERS mrAL 

Min. C H2 %?O c2 - c5 c02 CO + N2 

1 50 
2 88 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 
15 
16 

17 
18 

19 
20 

153 
239 
322 
403 
475 
541 
600 
654 
707 
755 
800 
841 

883 
915 
918 

918 
919 
920 

1.4 
4.8 
8.4 
5.2 
1.1 

30 
.10 

.10 

.10 

. 00 

23 
.24 
29 .10 
.40 .20 

0 43 35 
*43 .40 

e 10 30 
I 15 

05 

-66- 



TABU 27 

GAS ANALYSIS SUMMARY 

879 
899 
898 
877 

Titanium - 1 Piece .060" Thick x 1 cm x 4 cm 

Vac.-Fired f o r  48 Hours a t  1550°F at  lom8 Torr 

Time Temp. MICRON UmRS TOTAL 
Min. OC H2 R2O CO + N2 c2 - c5 c02 

1 

2 

3 
4 
5 
6 
7 
8 

9 
10 

11 

12 

13  
14 
15 
16 
17 
18 

19 
20 

.( 

.10 09 

0 20 .11 
30 . 00 

.20 

1 5  

I \ 

-67- 



TABLF: 28 
GAS ANALYSIS SUMMARY 

Y 

.. 

Molybdenum - 1 Piece .010" Thick x 1 em x 4 cm 
As Received, Cleaned 

- 

T i m e  Tgmp MICRON LITERS TOTAL 
Min. " c  K %?O c2 - c5 c02 CO + N2 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 
14 
15 
16 
17 
18 

-~ ~ 

53 
100 

175 
258 
340 
415 
485 
540 
600 
650 
695 
737 
776 
811 
805 
798 
794 
792 

9 27 
54 
.84 

1.19 
1-50 
1.84 
2.40 
2.79 
2.98 

.2 3.21 

.4 3.32 
*a 3.39 

2.0 3.30 
3.0 3.23 
3.9 3-19 
4.2 3.27 
4.3 3.42 

9 13 
0 1 3  
.16 
.22 

23 

29 
.81 

1.57 
2.1 

2.4 
2.6 
2 0-7 

. 11 
.1Q .24 
15 31 

* 15  .40 
.10 .48 

.oo 52 
* 49 
* 45 
.44 

47 
.48 I 945 

-68- 



TABLE 29 
GAS ANALYSIS SUMMARY 

Molybdenum - 1 Piece ,020" Thick x 1 cm x 4 cm 
A s  Received, Cleaqed 

%me Temp. MICRON LITERS TOTAL 
Min. OC 92 H2* CO + N2 c2 - c5 c02 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 

11 
12 

1 3  
14 
15 
16 
17 
18 

58 
94 

159 
242 
327 
407 
481 
545 
602 
655 
708 
755 
800 

815 
811 
808 
807 
807 

.2 

03 
.4 
.4 
05 

1.0 

1.2 

1.5 
1.6 
1.6 

1.27 

3.74 

6.11 
7.28 
8.59 
9.94 

10.7 

2.46 

4.96 

11.4 
12.2 

12.8 

13.3 
13.8 
14.4 
15.0 
15.5 

- 10 

. .17 
9 31 
38 
49 
58 
67 
85 
98 

1.18 
1.55 
2.09 

2.38 
2.58 
2.62 

1.04 

2.74 

05 
005 
.10 

.20 

9 30 
30 

* 20 

1 5  
.10 

. 00 

* 05 

13 
.24 
* 37 
52 
63 

.66 

.66 
*@ 
.68 
* 69 
70 
70 

-69- 



TW 30 
GAS ANALYSIS SUMMARY 

Molybdenum - 1 Piece .060" Thick x 1 cm x 4 cm 
A s  Received, Cleaned 

Time  Temp MICRON UTEW MTAL 
Min. OC B2 %O CO + N2 c2 - c5 c02 

1 

2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13  
14 
15 
16 
17 
18 

65 
100 

171 
254 
339 
415 
488 
5 54 
610 
615 
713 
752 
806 
820 

813 
811 
810 
810 

9 54 

1.72 
2.20 

2.78 
3.35 

. io 3.83 

. i o  4.65 

.20 6.55 

.30 7.84 

.40 8.70 
1.50 9.27 
3.20 8.90 
5.20 8.66 
6.30 8.46 
6.90 8.48 
7.40 8.46 

1.12 07 
.10 

.10 

.14 
* 19 
.22 

50 
1.23 
1.63 
1.85 
2.11 

3.62 
5.03 
5.65 
6.12 
6.45 

03 
65 
70 

.60 

.40 

.20 

25 
015 
15 

07 
.l2 

31 
79 

1.04 
1.23 
1.36 
1.44 
1.47 
1.51 
1.53 
1.58 

-70- 



TABU 31 
GAS ANALYSIS SUMMARY 

Molybdenum - 1 Piece .010" "hick x 1 cm x 4 cm 

Vac. -Fired for 6 Hours at 1550'F st Torr 

V 

Time Temp MICRON LITERS mrAL 
Min. OC %? B2O CO + N2 c2 - c5 c02 

I 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 

ll 
I 2  

13 
14 

15 
16 
17 
18 
19 
20 

52 
90 
157 
238 
321 
401 

475 
538 
597 
651 

704 
751 
797 
839 
878 
910 
912 

912 
914 
920 

.10 

9c+ 
1.30 

1.58 
1 .a 
1 .a 
1.80 
2.80 

1.80 

.10 

.10 

15 
15 
15 
.20 
.20 
.20 
.20 
.20 
.20 

25 

30 

-09 
.I4 
15 

017 
15 
15 
17 . 1% 
19 
.20 
.20 
.20 

-71- 



TABLE 32 

GAS ANALYSIS SUMMARY 
Molybdenum - 1 Piece .020" Thick x 1 cm x 4 cm - 
Vac.-Fired for 6 Hours at 1550°F at 10" Torr 

~~ _ _ _ ~  ~ ~~ -~ ~ 

- Time Temp. MICRON LITERS TOTAL 
Min . OC H2 %O CO + N2 c2 - c5 c02 

- 
I 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 

47 
70 
118 
171 
248 
325 
400 
466 
525 
581 
630 
677 
722 

763 
803 
839 
874 
900 
897 
897 

.( 

.10 

15 
15 
.10 
. 00 

25 

.14 
19 

.20 

.28 

.28 - 

34 
35 
35 
37 
.41 
.41 

-72- 
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TABLE 33 
GAS ANALYSIS SUMMARY 

Molybdenum - 1 Piece .060" Thick x 1 cm x 4 cm 
Vac.-Fired for 6 Hours at 1550°F at Torr 

m e  Tgmp . MICRON LITERS TOTAL 

5 c02 Min. C 5 H 2 O  CO + N2 c2 - c 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 

15 
16 

17 
18 

19 
20 

56 
94 
159 
242 

325 
405 

477 
542 

597 
651 
702 
748 
792 
834 
873 
910 

913 
912 

911 
914 

. 00 

.10 

.20 

0 3 0  
.60 

0 9 0  
1.30 

1.90 
2.00 \ 

*og 
.16 

19 
.24 
.46 
77 

1.00 
1.31 
1.82 

2.17 

2.55 

*15 
0 20 

9 30 
30 
30 

9 25 
0 20 
0 10 
.10 

.10 

015 

*og 
13 
.22 

.18 

37 
.40 
.44 
52 
57 
.61 

63 
63 
63 

-73- 



TABU 34 
GAS ANALYSIS SUMMARY - 

Molybdenum - 1 Piece .010" mick x 1 cm x 4 cm 
Vac.-Fired at 48 Hours at 1550°F at Torr 

I- - I- 
/- E 
II 

Time Temp MICRON LITERS TOTAL 

Min . OC II2 H2.O co + N2 c2 - c5 c02 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 

15 
16 

17 
18 

19 
20 

59 
100 

171 
254 
334 
407 
472 
530 
584 
634 
682 

723 
767 
805 
842 

874 
903 
901 
897 
896 

0 10 

1 5  
.20 

1 5  
15 
15 

.20 .10 

.26 05 

.26 . 00 
9 27 
.42 
.41 

55 " 
.10 
* 16 
.16 
.22 
.22 
.22 
.24 
.24 
25 

27 
.28 
.28 

.28 

.28 

I- 
At F- 

-74- 



T f u m  35 
GAS ANALYSIS Su14I1MARY 

Molybdenum - 1 Piece .020" Thick x 1 cm x 4 cm 
Vac.-FYred f o r  48 Hours at 1550°F at Torr 

- 

-- 

co + 'J2 c2 - c5 c02 Min. "C 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 

15 
16 

17 
18 

19 
20 

55 
90 

157 
238 
320 
405 
475 
541 
600 

653 
704 
751 
796 
837 
877 
906 
906 
906 
906 
906 

.21 
. .25 
.22 

35 
92 
73 

*88 
1.24 
1.45 
1.30 
1.50 
1.70 

2 1.30 

P 
Q, 
P 
k 
0 
0 

2.20 
2.20 
2.00 
1.80 
1.50 

1.60 1.70 

c, 
0 z 

.08 

.ll 

13 
19 
025 
*29 
33 
-45 
.62 

70 
.80 

99 
1.18 
1.24 

1.55 

.10 

15 
e 20 

a25 
*25 
20 
.20 

15 
.10 

05 

.oo 

.oo 

.08 

13 . 16 
*22 

.24 

.26 

.26 
e 2& 

*3 
9 35 
9 35 
37 
37 
37 

-75 - 



TABU 36 
GAS ANf&YsIs SUMMARY 

Molybdenum - 1 Piece .060" Thick x 1 cm x 4 cm 
Vac.-Fired a .  for-48 Hours at 1550°F at Torr 

~~ 

T i m e  Temp. MICRON LITERS TOTAL 
Min OC % H2O CO + N2 c2 - c5 c02 

~ 

1 58 
2 101 .oo 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

1 3  
14  
15 
16 
17 
18 
19 
20 

158 
2 54 
329 
403 
467 
526 
578 
627 
673 
717 
757 
796 
833 
868 
900 
908 
9 6  ' 
906 

10 

. 10 

.10 

8 0 0  

.10 

30 
50 

.l2 

30 
71 

1.22 

1.47 
1.65 

2.38 
2.68 

2.04 

.06 

0 0 9  

.11 

. 1% 
.10 *39 
9 15 .68 
15 .81 
*15 90 
. 00 98 

1.03 
1.03 
1.03 

V 1.05 
1.03 

-76- 



z!s!Es 
HYDROGEN GAS DATA SUMMARY AND REDUCTION 

Rodar - 1 Piece  - .OlO" Thick x 1 cm x 4 cm ( A  = 10.5 cm ) 2 

6 Hour Outgassed 63 1550°F and Torr 

1008 c 714-756 0 

0 K 987-1039 

c 756-793 1047 
K 1029-1066 

0 

0 

OC 793-830 1084 
OK 1066-1103 

1119 C 830-865 
K 11.03-1138 

0 

0 

OC 865-897 
OK 1138-1170 

1154 

1176 C 897-910 
K 1170-1.183 

0 

0 

C 910-905 
K 1183-1178 

0 

0 
1180 

993 .10 1.58 

0956 .10 1.58 

.912 30 4.74 

0887 .40 6.32 

,865 9 30 4.74 

.851 .60 9.53 

* 847 .80 1.27 10-3 

-77- 



TABLE 38 

8YDROGEN GAS DATA SUMMARY AND REDUCTION 

Rodar - 1 Piece - .010" Thick x 1 cm x 4 cm (A = 10.5 cm ) 2 

48 Hours Outgassed d 1550'F and Torr 

Total Gas Gas 
Mt/Min. M,(/Sec./Cm2 Tav (OK) 1 / T ~ ~  x 103 Temp. Range- 

Over 1 Min. 

OC 759-786 1046 
K 1032-1059 0 

1092 C 786-833 0 

OK 1059-1106 

1128 OC 833-867 
K llO6-ll5O 0 

1162 c 867-900 0 

0 K 1150-1173 

1177 C 900-908 
K 1173-1181. 

0 

0 

1179 OC 908-904 
K 1181-1177 0 

C 904 
OK 1177 

0 

1177 

0957 

915 

.10 1.58 

.40 6,35 

50 7.93 

.860 50 7.93 

.850 90 1.43 10-3 

.848 90 1.43 10-3 

850 90 1.43 10-3 

-7a- 



TABLF: 39 

HYDROaN GAS DATA SUMMARY AND REDUCTION 

Temp. Range- 
Over 1 Min. 

R o d a r  - 1 Piece - .020" Thick x 1 cm x 4 cm (A = 13 cm2) 
48 H o u r s  Outgassed @ 1550°F and 10" Torr 

c 751-795 0 

0 K 1024-1068 

OC 795-838 
OK 1068-1111 

OC 838-878 
K 1111-1151 0 

c 878-910 
K 1151-1183 

0 

0 

C 910-915 
K 1183-1198 

0 

0 

OC 915 
K 1198 0 

OC 915 
OK 1198 

Total Gas 
'ITav x lo3 Ml/Min. 

' 1046 958 05 

1089 919 15 

1131 *885 30 

1167 .858 30 

1191 .840 50 

1198 0835 70 

1198 0835 70 

M ,(/E:. /b2 

6.42 10-5 

1.93 

3.85 

3.85 

6.42 

8.98 

8.90 

-79- 



TABLE 40 

HYDROGEN GAS DATA SUMMARY AND REDUCTION 

2 Rodar - 3 Pieces ea. - .010" Thick x 1 cm x 4 cm (A  = 31.5 cm ) 
6 Hours Outgassed @I 1550°F and Torr 

Temp. Range- 
Over 1 Min. 

1 Total Gas Gas 
ITav lo3 Mi/Min. MQ/Sec. /h2 

C 704-751 
K 977-1024 

0 

0 
1.00 .10 5.28 10-5 1000 

c 751-797 0 

OK 1024-1070 
9955 .20 1.06 1047 

OC 797-839 
OK 1070-in2 

916 50 2.65 1091 
- 
i 

OC 839-879 
OK 1112-1152 

of333 1.40 7.42 x 1132 

c 879-915 0 

0 K 1152-1188 
1170 855 2.10 

r 

i - 
OC 915-919 

K 1188-1192 0 
1190 .840 2.20 

C 919-919 0 

0 K 1192 
1192 ,838 2.10 1.11 10-3 

c 919-919 
K 1192 

0 

0 
1192 .838 1.90 1.01 10-3 
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TABLE 41 

H Y D R O G ~  GAS ATA s w a m  m REWCTION 
2) Rodar - 3 Pieces ea, - .020" Thick x 1 cm, x 4 cm (k39 ch 

6 Hours Outgassed 8 1550'F and 10" Torr 

Temp. Range- 
Over 1 Min. 

OC 587-642 
OK 860-915 

OC 642-693 
K 915-966 0 

OC 693-741 
OK 966-1024 

OC 741-787 
K 1014-1060 0 

OC 787-827 
OK 1060-J.lOO 

OC 027-060 
OK llOO~fi41 

' c  068-906 
OK 1141-1179 

OC 906-942 
OK 1179-1215 

OC 942-975 
OK 1215-1248 

C 975-1003 
OK 1248-1276 

'C 1003-1003 
OK 1276-1276 

0 

941 

990 

1037 

- 
1080 

llil0 

1197 

1231 

1262 

l/~av x 103 

I 1  

1.121 

1.062 

1.010 

0965 

e 9 2 6  

e 8 7 4  

-863 

835 

0 8J.2 

792 

e 7 0 3  
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a 8  
MP /mn. 

.ll 

.ll 

11 

.l2 

23 

24 

74 

1.13 

1.03 

1.34 

1.33 

9-0 10-5 

1.03 

3.16 x 

-4 4.03  x 10 

4.40 

5.73 

5.68 



Temp. Range- 
Over 1 Min. 

c 750-793 
K 1023-1066 

793-833 

O@ 833-875 

0 

0 

K 1066-1106 0 

K 1106-1148 0 

C 875-913 0 

0 K 1148-1186 

C 913-946 
K 1186-1219 

0 

0 

OC 946-980, 
K 1219-1253 0 

0 c 980-1000 
K 1253-1273 

c 1000-ggo 
K 1273-1263 

0 

0 

0 

TABU 42 

HYDROGEN GAS DATA SUMMARY AND REDUCTION. 

2 Rodar - 3 Pieces - .020" Thick x 1 cm x 4 cm (A = 39 cm ) 

1044 

1086 

1147 

1167 

1202 

1236 

1263 

1268 

48 Hours Outgassed 43 1550°F and Torr 

'ITav x 10 3 

957 

.922 

,872 

858 

.831 

.810 

0792 

790 

Total Gas 
Mi/Min. 

e 11 

0 11 

0 23 

79 

1.56 

1.68 

1.79 

2.01 

-82- 

Gas 2 M l / s e c . / b  

4.7 10-5 

4.7 10-5 

9.8 10-5 

3.37 

6.67 

7.18 

7.65 

8.58 x 
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Figure 1: Conceptual Design - Vacuum Circuit Breaker. 
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1. Tantalum heater  assembly 
2. Heat shield 
3. Radiation shield 
4. Specimen bucket (sketch below) 
5 .  Copper bus bar 

Hanger strap 

I I 
I I I 
I I I 
I I I 
I I I 
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I I I 
I I I 
I I I 

1 I I 
I 
I I ' I  

-Bucket 

Partitioned 
Specimen Bucket 

f 
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0 e 010" 
0.020" 
0.060~~ 

Figure 3: Small Oven and Specimen Bucket for Outgas Processing 
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Figure 21: Resistance of Contact Structure in Phase I Demountable Capsule. 
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Figure  23: Advanced Design Concept fo r  AC Vacuum I n t e r r u p t e r  with Heat 
Radiators. 

I 
! 
f 
! 

€ 3 i  

-105- 



Y I I , ,  , I ,  I ,  , , < A  

Figure 24: Design Concept for DC Engine Contactor Vacuum In ter rupter .  
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Figure 26: "Mock-up" of Reverse Toggle Actuator Linkage. 
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Figure 26 : "Mock-up" of Reverse Toggle Actuator Linkage. 
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Figure  27. Reverse Toggle Actuator  Linkage i n  Closed and Open P o s i t i o n s .  
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13.03 

Figure 28: Layout of Mechanism Showing the Side V i e w .  
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Figure 29: Solenoid Diaphram i n  Vibration Test Fixture.  
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Figure 31: Diaphram Vibration Test Fixture Set-Up f o r  Axial Vibration. 
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